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Marcos Martin6n-Torres Abstract
Abstract
T h is  thesis studies crucib les at the in terface o f  a lchem y, chem istry and 
m eta llu rgy. F o r th is, a c ritica l lite ra tu re  rev iew  is com b ined  w ith  the analytica l study o f  a 
range o f  archaeological remains. T he  m ain  case study is tha t o f  O bers tocksta ll (Austria), 
the m o s t com prehensive Renaissance labora to ry  ever recovered, b u t samples fro m  o the r 
sites in  G erm any, P ortuga l, E ng land  and the U n ite d  States o f  A m erica  are also 
exam ined. The  analytica l techniques em ployed are op tica l m icroscopy, energy dispersive 
X -ra y  fluorescence (E D -X R F ) and scanning e lectron m icroscopy energy dispersive 
spectrom etry (S E M -E D S ).
A substantia lly revised h is to rica l fram ew ork  is de fined , w ith  a stress on  the need 
to  avo id  app ly ing  present-day labels such as ‘a lchem y’, ‘chem is try ’ and ‘m eta llu rgy ’ to  
Renaissance labora to ry  activ ities, using ‘chym is try ’ instead as a generic and h is to rica lly  
m ore  appropria te  te rm . IT iis  is pa rticu la rly  re levant as regards the operations o f  
m e ta llu rg ica l analysis o r ‘ fire  assay’ . F u rthe rm ore , the  sc ien tific  archaeology o f  alchemy 
and chem istry  is presented as a new  research avenue, w ith  w e ll-de fined  epistem ology 
and applications.
T he  sc ien tific  analyses, in  co m b in a tio n  w ith  con tem pora ry  w ritte n  in fo rm a tio n , 
a llow  a com para tive  characterisation o f  the fo rm a l and m ateria l properties, as w e ll as the 
perfo rm ance characteristics, o f  the h igh-tem pera tu re  ceram ics used in  O berstocksta ll.
f  ro m  a w id e r perspective, i t  is established tha t dark, usually g raph itic , crucibles 
p roduced  in  Bavaria and su rround ing  regions, com peted w ith  the h is to rica lly  better- 
kn o w n  sand-tem pered, b r ig h t Hessian wares, and tha t b o th  o f  these h igh-qua lity  
crucib les co-existed w ith  ad hoc p roduc tion s  in  a varie ty  o f  contexts o f  u tilisa tion . The  
m anufactu re , appearance and techn ica l standard o f  the d iffe re n t vessel types are 
addressed w ith in  the w id e r sociotechn ica l system. A  p re lim ina ry  approach is presented 
to  the reasons b e h ind  choices in  the p ro d u c tio n  and consum p tion  o f  technica l ceramics, 
w ith  an em phasis o n  past perceptions o f  d iffe re n t materials.
F ina lly , fu r th e r d irections fo r  the study o f  py ro techno log ica l labora tories are 
suggested.
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1. General introduction
“Take interest, I  implore you, in those sacred dwellings 
which one designates by the expressive term: 
laboratories. Demand that they be multiplied, that they 
be adorned. These are the temples o f  the future, temples 
o f well being and happiness; there it is that humanity 
grows greater, stronger, better.”
Louis Pasteur (1822-1895)
The 16th cen tu ry constitutes one o f  the m ost crucia l periods in  the h is to ry  o f  
E urope. T h is  relevance is g iven by several processes deve lop ing  in  the Renaissance 
w h ich , a fte r m uch struggle, w o u ld  lead to  the m odem  p o litica l con figu ra tio n  o f  E urope 
b u t also, m ost im po rtandy , to  dram atic changes in  the way hum an beings saw 
themselves and the ir su rround ing  w o rld . These new ideas and attitudes w ou ld  eventually 
becom e the accepted ‘com m on  sense’ to  rem ain unquestioned and unchallenged in  its 
p rinc ip les u n til recent decades. In  o rder to  understand th is com plex and changing 
Renaissance reality, some facets o f  pa rticu la r relevance fo r  th is study may be 
h igh ligh ted . F irsdy, the 16th century witnesses a new practica l in p u t in  natural sciences, 
together w ith  an acme o f  the quest fo r  the transm uta tion  o f  metals and the 
ph ilo sop he r’s stone. Secondly — and equally im p o rta n t —, the century starts w ith  a 
heyday o f  m in in g  and m eta llurgy in  C entra l Europe, b o th  in  techno log ica l and financia l 
d im ensions, befo re  entering  a phase o f  deep crisis. O n  the w ho le , th is pe riod  is 
characterised by an enthusiasm fo r  e rud ition  and a hum anistic  in terest in  cod ify ing  
know ledge that suitably co incide w ith  the spread o f  the p r in tin g  press. A n d  
consequendy, there is a surge in  the experim enta tion  w ith  chem ical substances, together 
w ith  new  theories o f  m atter tha t appear expounded and debated in  a p le thora  o f  
w ritings.
A s practica l experim ents gave rise to  new no tions  about the natura l w o r ld  and 
vice versa, people active in  chem ical and m eta llurg ica l activ ities increasingly requ ired a set 
o f  specialised and standardised instrum ents and techniques. These should a llow  the 
conduc t o f  specific reactions w ith  a deve lop ing concern over accurate measurements 
and rep roduc ib ility . A s a result, the labora to ry  emerged as a specialised w orkp lace  fo r
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chem ica l experim ents. Th is  step entailed the beg inn ing  o f  a very s ign ifican t 
transfo rm ation : before  tha t pe riod , “ one possessed scientid”\ a fte r that, “ one d id  science”  
(Hannaway 1986: 586). The  labora to ry  instrum ent, as the in te rsec tion  between theory 
and experience, the crucib le  where pure and applied know ledge interacted, facilita ted 
th is  change — and i t  remains as the physical illu s tra tio n  o f  it, w ith  a lm ost icon ic  value.
T h is  thesis takes as a starting  p o in t the archaeological rem ains o f  the m ost 
com prehensive Renaissance labora to ry  ever recovered: tha t fro m  Castle O berstocksta ll 
in  K irch b e rg  am W agram , L o w e r Austria . T he  assemblage, closely dated to  the second 
h a lf  o f  the 16th century, com prises com plete artefacts and fragm ents o f  about e ight 
hundred  pieces o f  equ ipm ent inc lud ing , am ongst others, triangu la r crucibles, scorifiers, 
bone ash cupels, alembics, aludels, cucurb its, adopters, receivers and o the r chem ical 
equ ipm ent o f  ceram ic and glass, as w e ll as m eta l and slag remains, furnace bricks and 
o the r artefacts o f  leather, textile  and bone (Soukup and M ayer 1997; v o n  O sten 1998). 
A l l  in  all, th is is believed to  be a sta te-o f-the-art 16th-century labora to ry, and thus an 
extraord inary source of information. H ow ever, at the same tim e, O berstocksta ll shall serve 
in  th is thesis as a source of inspiration. The  orig ina l a im  o f  th is thesis was a reconstruction  
o f  the in tra -h is to ry  o f  th is specific Renaissance laboratory. H ow ever, the research 
questions that th is top ic  evoked requred a w id e r considera tion  o f  the deve lop ing range 
o f  labora to ry  equ ipm ent and techniques, w h ich  led the p ro jec t to  embrace new case 
studies across the w o r ld  and respond to  broader questions. A s  a result, th is w o rk  
presents a reference study o f  the m anufacture, d is tr ib u tio n , use and perform ance o f  
specialised ceramics used fo r  chem ical operations w ith in  an env ironm en t o f  
fundam enta lly  changing perceptions o f  the nature o f  elements and chem ical reactions. I t  
is the au tho r’s purpose to  con tribu te  to  the h is to ry  o f  science and technology as m uch 
as to  the archaeology o f  the M o d e m  Era. M o re  specific aims and objectives are detailed 
in  the next section.
1.1. Aims and objectives
T h is  thesis endeavours to  respond to  some precise enquiries, specified in  section
1.1.1. In  add ition , i t  is expected to  add s ign ifican tly  to  a varie ty  o f  b roader research 
topics, as ind ica ted  in  section 1.1.2. These aims and objectives ou tline  the o rig ina lity  o f  
th is thesis and its value in  the w id e r research fram ew ork, thereby ju s tify in g  the w ork .
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Besides, the results and discussion o f  the theore tica l issues in vo lve d  shall serve to  argue 
the need fo r  fu rth e r research a long s im ila r lines.
1.1.1. Aims
a) C om parative  characterisation o f  the technica l ceramics used fo r  chem ical 
opera tions in  the O berstocksta ll labora to ry, w ith  a special focus on  those used fo r  h igh- 
tem perature reactions. Study o f  the ir m anufacture  and d e fin itio n  o f  fab ric  types that 
m ig h t be related to  d iffe re n t producers.
b) Analysis o f  the technica l qua lity  o f  the d iffe re n t fo rm a l types and fabrics 
docum ented in  the labora to ry  ceramics, and assessment o f  th e ir behaviou r under the ir 
various w o rk in g  cond itions. A ppra isa l o f  the know ledge and purpose exh ib ited  in  the 
selection and processing o f  d iffe re n t raw  materials.
c) P re lim inary  considera tion  and assessment o f  the practica l use o f  these 
instrum ents, and the range o f  reactions carried o u t in  the laboratory.
d) Id e n tifica tio n  o f  techno log ica l choices in  the m anufacture , acqu is ition  and use 
o f  the labora to ry  equipm ent. E xp lo ra tio n  o f  the reasons beh ind  those choices, w ith  a 
considera tion  o f  the re levant soc io -cu ltu ra l context.
e) Study o f  the m ain  types o f  crucibles produced and traded in  post-m edieva l 
E urope, the ir m anufacture , o rig ina l appearance, m ateria l p roperties and geographic 
d is tribu tion .
1.1.2. Objectives
a) D e fin it io n  o f  a m ethodo logy and epistem ology fo r  the sc ien tific  analysis and 
in te rp re ta tio n  o f  technical ceramics fro m  archaeological contexts, aimed at answering 
specific research questions and jo in in g  together interests trad itiona lly  d iv ided  am ongst 
d iffe re n t specialists such as ceram icists, archaeometallurgists o r h istorians.
b) Jus tifica tion  o f  the need and value o f  science-assisted archaeology as a new, 
com plem enta ry  approach to  the h is to ry  o f  science.
c) D e fin it io n  o f  a sound theore tica l fram ew ork  fo r  the sc ien tific  archaeology o f  
Renaissance science and technology, some o f  whose concepts may be o f  use fo r  a w ide r 
spectrum  o f  studies o f  ancient technologies, pa rticu la rly  those in v o lv in g  the 
co m b in a tio n  o f  archaeological and w ritte n  sources.
d) C la rifica tio n  o f  the ro le  and practice o f  a lchem y/chem is try  in  Renaissance 
E urope , and th e ir  re la tionsh ip  w ith  m etallurgy. D iscussion o f  the status o f  fire  assay
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w ith in  th is  fram ew ork , and in  the deve lopm ent o f  m o d e m  m eta llu rgy and analytical 
chem istry.
e) E xp lo ra tio n  o f  the m ateria l, social and cu ltu ra l parameters su rround ing  the 
p ro d u c tio n  and consum ption  o f  crucibles in  the post-m edieva l w o rld . C onsidera tion  o f  
the  cruc ib le  as a socially embedded constituen t o f  m ateria l culture.
f) A pp roach  to  the changing percep tion  and understand ing o f  materials curren t 
in  the Renaissance.
1.2. Princes, patrons, miners and the philosopher’s stone: geographic and 
historical context
In  the 16th century, w ha t was le ft o f  the H o ly  R om an E m p ire  covered the area 
extend ing fro m  the R hineland and Sw itzerland in  the W est, th rough  Hesse and Bohem ia 
to  include Silesia, M orav ia  and L o w e r A ustria  in  the East, fro m  the N o r th  Sea in  the 
N o r th  to  Tuscany in  the South (fig. 1). T he  A ustrian  H ouse o f  H absburg  dom ina ted  the 
post o f  the em peror. H ow ever, the p o lit ica l pow er was very fragm ented am ongst the 
rulers o f  the m ore than three hundred  feudal, ecclesiastical and urban te rrito ries in  
w h ich  the E m p ire  was d iv ided. These sovereigns sat in  the Reichstag — the Im peria l 
D ie t — and cou ld  c o n tro l the em peror, w h o  was a lm ost just as p o w e rfu l as any o the r o f  
them . In  th is con tex t, the Lu the ran  R e fo rm a tion  p ro m p te d  an exacerbation o f  the 
p o lit ica l disputes under the disguise o f  re lig ious d iscord. W hen  the em peror Charles V  
abdicated in  favou r o f  his b ro th e r Ferd inand in  1558, the ‘H o ly  R om an E m p ire ’ seemed 
just an iro n ic  denom ina tion  fo r  an heterogeneous land housing fierce dissension 
between Catholics and Protestants, s trugg ling  to  keep Rom e w ith in  its dom ain , and 
lack ing  an absolute gove rno r (Koenigsberger et al. 1989; N icho las  1999).
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Figure 1. Map of Central Europe in 1555, with an indication of the most relevant places to this 
thesis (after Roberts 1991: 149, modified).
The po litica l and religious co n flic t was no t, however, an obstacle fo r  econom ic 
and cu ltu ra l developments. D u rin g  the firs t h a lf o f  the century, some areas o f  Central 
E urope re in forced the ir ro le as key centres o f  trade and industry  based m ostly on the 
export o f  linen textiles and ceramics, as w e ll as the p roduc tion  o f  metals. Between 1460 
and 1530, the p roduc tion  o f  silver, lead, copper and o ther metals increased impressively, 
up to  five times over (N e ff  1987). Th is boom  encouraged technical solutions — 
exp lo ita tion  o f  deeper a n d /o r  poore r veins, water rem ova l... — bu t also entailed 
organisational changes, since capital and labour were increasingly separated, and hence 
wealthy laymen became m in ing  patrons. Just as the m in ing  enterprise developed, so d id  
the specialisation o f  labour. Progressively, com pe tition  w ith  the steady arriva l o f  
re la tive ly cheaper silver fro m  Am erica pu t an end to  this heyday, and European 
m etallurgists had to  make v irtue  o f  necessity. D u rin g  the second h a lf o f  the 16th century, 
capita list m in in g  and m etal p roduction  continued in  Europe, now  on  the strength o f  
specialists seeking the m ost e ffic ien t methods o f  assaying as w e ll as m etal extraction  
(N e ff  1987; L o n g  1991; Roberts 1991).
24
Marcos Martin6n-Torres 1. General introduction
E ven  m ore im p o rta n t was the in te llec tua l atm osphere and the cu rren t 
understand ing  o f  nature. In  1500, the dom inan t ph ilosoph ica l in fluence  in  E u rope  was a 
m ix tu re  o f  C hris tian  and A ris to te lia n  though t, as synthesised by Saint Thom as Aquinas 
in  the 13th century (Jordan 1992; E lders 1997). T h is  com prehensive system affected the 
w o rld v ie w  as m uch  as the re lig ious behaviour and the understand ing o f  natural 
phenom ena, and was rough ly  shared by a ll sections o f  society, fro m  the h igh ly  educated 
hum an is t to  the illite ra te  peasant. D if f ic u lt  as i t  m ay p rove  fo r  us to  understand this 
in te llec tua l orderliness, fo r  an average lt i^ -c e n tu ry  person th is was n o t ph ilosophy b u t 
ju s t ‘com m on  sense’ o r  ‘received w isd o m ’ beyond question.
In  short, fo r  a Renaissance person, everyth ing  u ltim a te ly  consisted o f  p rim e 
m atter. The  fo u r fundam enta l qualities o f  the p rim e  m atte r were heat, co ld , dryness and 
m ois tu re  (or fluidness), w h ich  
were coupled in  tw o  pairs o f  
opposites — h o t/c o ld , 
d ry /w e t (o r flu id ).
A cco rd ing ly , the fo u r 
elements were the
m ateria lisation o f  the fo u r 
pairs o f  qualities: fire was h o t 
and dry, air was h o t and flu id , 
water was co ld  and flu id , and 
earth was co ld  and dry. In  
each elem ent, one qua lity  was 
predom inant: dryness in  earth, co ld  in  water, f lu id ity  in  air, heat in  fire. Since all the 
natura l elements were made o f  the same p rim e m atte r — they on ly  showed d iffe re n t 
qualities —, then they cou ld  be turned in to  one anothe r by changing the ir qualities: thus, 
fo r  exam ple, fire  cou ld  become air by means o f  heat, and w ater cou ld  become earth by 
means o f  co ld  (H o lm yard  1968) (fig. 2). T h is  p rin c ip le  applied to  everyth ing one cou ld  
see in  the w o rld . I f  the p ro p o rtio n  and com b ina tion  o f  the qualities in  a rea lity changed, 
the fundam enta l nature o f  tha t reality changed as w ell. E ven  the hum an body was a 
fac to r o f  those qualities, m anifested in  fo u r hum ours: ph legm , b lood , b ile , and b lack 
bile. In  a healthy hum an, the hum ours were said to  be balanced; illness resulted fro m  a 
defic iency o r excess o f  one o f  these, and the ro le  o f  the physic ian was to  restore the 
r ig h t balance.
HOTNESS
a ir f ire
earthwater
COLDNESS
DRYNESS
Figure 2. Diagram of Aristotle’s four element theory.
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W ith in  this m enta l fram ew ork  i t  is n o t surpris ing  tha t m eta llic  transm uta tion  was 
conceived by m any as som eth ing  feasible. In  spite o f  the lim ita tio n  posed by the fact 
tha t hum ans cou ld  n o t c o n tro l the in fluence  exerted by heavenly bodies in  the natural 
trans fo rm a tion  o f  m atter, i t  was w o rth w h ile  try in g  to  replicate nature. In  the same way 
as w a te r a llow ed the trans fo rm a tion  o f  a seed in to  a tree, o r  ju s t as heat transfo rm ed 
c ru m b ly  iro n  ore in  so lid  m etal, w hy n o t th in k  tha t lead cou ld  be transfo rm ed  in to  go ld  
by a lte ring  its qualities?
E urope  lacked o rde r and equ ilib rium , and the p h ilo sop he r’s stone was the 
appealing co u n te rp o in t o f  this. A s  the purest m an ifes ta tion  o f  the p rim e  m atter, i t  
represented the pe rfec t e q u ilib r iu m  o f  qualities and constitu ted  the key ingred ien t 
a llo w in g  transm utation . T h is  was understood by  the m any w ealthy people that 
increasingly became patrons and sponsors o f  a rt and science, n o t o n ly  o f  the ‘G reat 
W o rk ’ towards the p h ilosop he r’s stone b u t also o f  astronom y, m athem atics, ph ilosophy, 
geog raphy... and a ll the o the r in te rtw in e d  branches o f  the tree o f  know ledge. The  m ost 
in fam ous representative o f  th is extent was to  be the H o ly  R om an E m p e ro r R u d o lf I I ,  
w h o  ru led  between 1576 and 1611 and made the new co u rt in  Prague a centre o f  
know ledge and research a im ed at fu lf i l l in g  his am bitions and satisfy ing his eccentric — i f  
n o t m ad — taste (Evans 1997). There  were m any m ore  such patrons, nonetheless. 
E x p lo r in g  the secrets o f  nature advanced the know ledge o f  the cosm ic equ ilib rium , and 
th is  know ledge was the key to  pow er and the o rder o f  things. T he  discoveries o f  this 
research w o u ld  end up  unde rm in in g  the very princ ip les tha t had encouraged it, and by 
1700 we w il l  have a m uch m ore diverse and socially uneven w o rld v ie w  and 
understand ing o f  nature (W o lf  1950; W igh tm an  1962; Sm ith  1972; Debus 1978; K n ig h t 
1992; H en ry  2002).
A n o th e r im p o rta n t d im ension  o f  the Renaissance was the increasing m o b ility  o f  
people across E urope  and beyond. W h ils t the p o lit ica l co n fig u ra tio n  o f  E u rope  evolved 
tow ards the co n s titu tio n  o f  separate nation-states, these new ly created borders were 
o fte n  crossed by g row ing  num bers o f  craftsm en, entrepreneurs and inte llectua ls seeking 
conven ien t m arkets, patrons o r instructo rs. T h is  fac ilita ted the transfer and exchange o f  
goods, custom s, know ledge and ideas w ith in  th is atm osphere o f  confidence on  hum an 
nature, and u ltim a te ly  led to  the d iscovery and co lon isa tion  o f  the N e w  W o rld  (B e lfan ti 
2004).
A lth o u g h  the orig ins o f  the Renaissance m ay be traced back to  13th-cen tury  Ita ly , 
the m a jo r developm ents o f  th is m ovem ent d id  n o t emerge in  C entra l and N o rth e rn
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E u ro p e  u n t il the late 15th century. D epend ing  on  the focus, scholars tend to  propose 
d iffe re n t tim e  frames and causes fo r  the changes leading to  the so-called ‘S c ientific  
R e v o lu tio n ’, w h ich  w il l  n o t be discussed here. I t  may suffice to  say that, between 1450 
and 1700, m any factors such as an epoch w illingness to  experim ent, question  and 
exp lo re  the boundaries o f  know ledge, capita lis t investm ents in  techno log ica l advance fo r 
the sake o f  econom ic p ro fit ,  great m a ritim e  exp lo ra tions, w arfare  and m edicine needs, 
and the rediscovery o f  classical texts as com ing  fro m  a ‘G o lden  A ge ’ , a ltogether led to  
dram atic  changes in  the hum an approaches to  th e ir env ironm en t. Some consequences 
o f  th is  fundam enta l trans fo rm a tion  bear a special relevance here, nam ely an increasing 
challenge to  the tra d itio n a l p rin c ip le  o f  au tho rity  and a ris ing  in p u t in  experim enta tion .
Th is  is the con tex t o f  the advances in  m in in g  and assaying technology, o f  the 
ph ilo so p h e r’s stone craze, and o f  p ionee r investigations in to  nature. T h is  is also the 
co n te x t tha t favoured the deve lopm ent o f  m o d e m  science in  general, and tha t o f  
chem istry  in  particu lar. Lasdy, th is is the w id e r h is to rica l con tex t o f  the archaeological 
rem ains addressed here. T he  assemblage fro m  O bers tocksta ll w i l l  serve as a foca l p o in t 
to  study theories and practices as revealed in  th is labora to ry , b u t the scope w il l  be 
w idened  to  embrace o th e r re levant case studies fro m  w ith in  the H o ly  Rom an E m p ire , 
s tre tch ing  o u t to  B rita in  and Portugal, and even reaching early co lon ia l Am erica. By 
b le n d in g  the archaeological study w ith  the analysis o f  the h is to rica l con text, th is thesis 
strives to  u ltim ate ly  advance o u r know ledge o f  Renaissance peoples.
1.3. Structure of this thesis
T h is  thesis starts w ith  a c ritica l approach to  the exis ting  know ledge and 
assum ptions regarding the scope and in te rac tion  o f  Renaissance alchemy, chem istry and 
m eta llu rgy; special a tten tion  is pa id  to  fire  assay as a reperto ire  o f  reactions w ide ly  
docum ented  in  O berstocksta ll and elsewhere, w h ich  w o u ld  bear a crucia l repercussion 
in  the deve lopm en t o f  m odem  experim enta l science (chapter 2). C hapter 3 bu ilds on 
th is fo u n d a tio n  to  present an ou tline  o f  m ore  specific  p rob lem s o f  trad itiona l, text- 
based approaches to  alchem y and chem istry, and discussion o f  h ow  the sc ien tific  
archaeology o f  labo ra to ry  remains may help overcom e such lim ita tions . A lso  in  th is 
chapter, the  ro le  o f  the ins trum en t as an active constituen t o f  the sc ien tific  endeavour, 
lin k in g  theo ry  and practice, is addressed. Some theore tica l and ep istem olog ica l concepts 
are in troduced , b o rro w e d  fro m  m ateria l cu ltu re  studies and soc ioh is to rica l approaches
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to  technology. A  w id e r fram ew ork  is thus defined to  contextualise sc ien tific  studies o f  
labo ra to ry  remains, and generally to  facilita te  com m un ica tion  am ongst historians, 
archaeologists and scientists. T he  rest o f  the thesis constitu tes a c o n tr ib u tio n  to  th is 
p ic tu re , b u t i t  is hoped tha t the theore tica l background shall be o f  use fo r  fu tu re  
research.
C hapter 4 p rovides an in tro d u c tio n  to  the m a in  case studies considered in  th is 
thesis, w ith  details o f  archaeological contexts, assemblages and previous w o rk  carried 
o u t w ith  them. In  chapter 5, the d iffe re n t analytical techniques em ployed are b rie fly  
in troduced , and the ir choice is ju s tified  on  the basis o f  several criteria. A na ly tica l 
p ro toco ls  are detailed to  a llow  fo r  rep lica tion  o f  data o r subsequent studies coherent 
w ith  this.
Chapter 6 conta ins the b u lk  o f  the analytical results and discussion perta in ing  to  
the labora tory equ ipm en t fro m  O berstocksta ll, tied  w ith  an exam ination  o f  re levant 
w ritte n  sources. T h is  prov ides an approach to  the m anufacture , m ateria l properties and 
perfo rm ance o f  the various technica l wares, together w ith  an in it ia l appraisal o f  the ir 
uses. The  technical know ledge and understand ing o f  the d iffe re n t elements cu rren t in  
th is labora tory, as docum ented in  the archaeological remains, are discussed.
F ro m  chapter 7, th is thesis concentrates on  the crucib le  as the fo rem ost 
in s tru m e n t used fo r  h igh-tem pera ture  operations, b u t the tem pora l and geographic 
scope is w idened to  embrace d iffe re n t case studies fro m  post-m edieva l E urope  and 
beyond. A ltoge the r, a p re lim ina ry  a ttem p t is made at reconstruc ting  the m anufacture, 
d is tr ib u tio n  and consum p tion  o f  crucibles, w h ich  w ill set the g ro u n d w o rk  and raise 
several questions fo r  fu rth e r w o rk . F irsdy, the litt le -k n o w n  black, sm ooth  crucibles 
p roduced in  Bavaria and su rround ing  regions are addressed (chapter 7). Secondly, the 
analysis m oves on  to  the fam ous b righ t, p im p ly  crucibles fro m  Hesse (chapter 8). The 
p ic tu re  is com ple ted w ith  the study o f  some crucibles p roduced outside these m a jo r 
regions (chapter 9). In  all cases, h is torica l, archaeological and analytical in fo rm a tio n  are 
system atically com b ined  and con fron ted , and the pertinence o f  in tegrated approaches 
becomes apparent. A s  a result o f  th is m u ltid isc ip lina ry  strategy, the provenance o f  m ost 
o f  the crucib les studied in  th is thesis is iden tified  fo r  the firs t tim e, and th e ir technical 
properties are discussed in  detail.
In  chapter 10, the in fo rm a tio n  obta ined up to  tha t p o in t is jo ined  together w ith  
tha t fro m  fu rth e r h is to rica l lite ra ture  and an th ropo log ica l approaches to  technology. A  
m ore  com prehensive p ic tu re  is presented o f  the chatne operatoire o f  the crucibles, p lacing
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special emphasis on  the percep tion  o f  d iffe re n t elements and the choices made by post- 
m edieva l peoples, b o th  on  the p ro d u c tio n  and the consum p tion  sides. The success o f  
the m ore  w idespread crucib le  types is exam ined w ith in  the b roader sociotechnical 
system, and an in it ia l e xp lo ra tion  is presented o f  the possible reasons leading to  various 
techno log ica l choices in  the m anufacture , acqu is ition  and use o f  these vessels at 
d iffe re n t times. M any o f  these issues are revealed as in tr in s ic  and in fo rm a tive  aspects o f  
early technology and science tha t had so far been overlooked.
Chapter 11 presents the m ain  conclusions o f  th is thesis as w e ll as an ou tline  o f  
some avenues fo r  fu tu re  w o rk  s tem m ing fro m  it.
The appendices con ta in  analytical results o f  in d iv id u a l samples. A p p e n d ix  1 is 
com prised  o f  tables w ith  com prehensive chem ical com positions o f  the ceram ic matrices 
o f  a ll the samples discussed in  the text, fo r  w h ich  on ly  averages are g iven w ith in  the 
body o f  the thesis. A p p e n d ix  2 presents m ore  detailed m icrographs and analytical details 
o f  some samples w ith  re levant m eta llurg ica l residues.
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2. Alchemy, chemistry and metallurgy: fire assay in 
Renaissance Europe
“Truth, like gold, is to be obtained not by its growth, but 
by washing away fro m  it all that is not g o ld ”
Leo Tolstoy (1 8 2 8  - 1910 )
“M y Lord, facts are like cows. I f  you look them in the face  
hard enough, they generally run away ”
Dorothy L. Sayers ( 1 8 9 3 -1957 )
2.1. Introduction
Fire assay is the quantita tive  de te rm ina tion  o f  the presence o f  specific  metals in  
a g iven substance, using h igh-tem pera ture  chem ical processes s im ila r to  those in  a 
m eta llu rg ica l furnace. 1 ’he m ost p ro m in e n t fire  assay is the analysis fo r  go ld  and silver. 
N o rm a lly , this invo lves firs t libe ra ting  the precious metals fro m  the ir o rig ina l host 
m a trix , then transfe rring  them  in to  a quan tity  o f  lead m eta l tha t acts as a co llec to r, 
be fo re  then separating these nob le  metals fro m  the lead u tilis in g  th e ir d iffe re n t oxygen 
a ffin ity . These three steps, i.e. concen tra ting  the m eta llic  com ponen ts, co llec ting  the 
nob le  metals and cupe lla tion , are represented archaeologically by a series o f  ra ther 
specialised and d iagnostic finds such as certa in crucib le  types and, above all, the unique 
bone ash cupels. T he  same set o f  too ls  is in  use to  th is day, a lbe it n ow  made fro m  
d iffe re n t materials.
T he  h is to rica l practice o f  fire  assay has been addressed fro m  d iffe re n t po in ts  o f  
v iew . T ra d itio n a lly , h istorians o f  m in in g  and m eta llu rgy have focussed on  the various 
m eta llu rg ica l treatises and handbooks w r itte n  d u rin g  the Renaissance as a m a in  source 
o f  in fo rm a tio n . Thanks to  this corpus o f  w o rks  we have learned, fo r  example, the 
im p o rta n t ro le  o f  the num erous assayers w h o  w o rked  in  centra l European m ines, 
specialised o n  analysing the richness o f  ore veins and c o n tro llin g  the co m p o s itio n  o f  the 
metals p roduced  and traded (e.g. Sisco and S m ith  1949; 1951; S m ith  and Forbes 1969). 
T he  sc ien tific  study o f  archaeological rem ains o f  assays has added valuable in fo rm a tio n  
regard ing the particu lars o f  the too ls, raw  materials and techniques u tilised , no rm a lly
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jux tapos ing  them  to  those described in  m eta llu rg ica l w ritte n  sources. W h ils t analyses o f  
th is  so rt used to  be concerned w ith  the mere adscrip tion  o f  some g iven finds as assay 
rem ains, m ore recent archaeom etric w o rk  has g iven increasing a tten tion  to  exp la in ing 
the chem ica l reactions undertaken (e.g. P itt io n i 1975; 1978; 1985; Bayley and Barclay 
1990; Bayley 1991a; 1991b; 1992; Bayley et al. 1991; E cks te in  et al. 1994; Bayley and 
E ckste in  1997; Rehren 1996a; 1997; 1998; 2002a; Sch ifer 1998; M a rtin o n -T o rre s  2003). 
F ina lly , historians o f  a lchem y and chem istry have started to  emphasise the im portance  
o f  fire  assay in  the deve lopm ent o f  m o d e m  science and use texts by early alchemists and 
chem ists to  address th is issue (H a lleux 1986; Szabadvary 1992; N ew m an  2000; N ew m an 
and P rinc ipe 2002: 35-91).
N o tw ith s ta n d in g  this array o f  research lines, by and large, the present-day 
com partm enta lis ing  o f  academia has resulted in  a lack o f  cross-d iscip linary approaches. 
H is to rians  o f  m in in g  and archaeom etallurgists have constra ined the ir focus to  
assemblages fro m  w ha t is loosely te rm ed early m eta llurgy, w h ils t h istorians o f  alchemy 
and chem istry have tended to  concentrate on  early a l/chem is ts  and textua l evidence fo r 
the practice o f  fire  assay in  the ir laboratories. F o r the fo rm e r researchers, alchem y is 
o fte n  disregarded as an overly  theore tica l endeavour bearing litde  in  com m on  w ith  the 
practica l, experience-based cra ft. F o r the la tter, m etallurg ists are som etim es overlooked 
as m ere craftsm en p ractis ing  chem ical reactions b u t n o t caring about the sc ien tific  
p rinc ip les  beh ind the ir operations. Consequendy, b o th  groups o f  scholars have defined 
d iffe re n t research objectives and no rm a lly  approach them  w ith o u t tak ing  in to  account 
the w o rk  carried o u t in  the o the r fie ld. A lth o u g h  scholars such as H e rb e rt and L o u  
H o o v e r (1950) in  the ir transla tion  o f  Agrico la 's  De Re Metallica, and C y ril Stanley Sm ith  
in  several co-authored translations and pub lica tions  (Sm ith  and Forbes 1969; 
H a w tho rne  and Sm ith  1979; Sm ith  and G n u d i 1990), have fro m  the beg inn ing  
emphasised the im portance  o f  cross-d iscip linary studies, in c lu d in g  b o th  chem ical and 
m eta llu rg ica l expertise, on ly litde  o f  th is is re flected in  cu rren t w o rk .
Recendy, the study and in te rp re ta tio n  o f  certa in  groups o f  archaeological finds 
fro m  contexts w ith o u t an a priori clear connection  to  e ither m eta llu rgy o r chem istry have 
requ ired a cons ide ra tion  o f  b o th  m eta llurg ica l texts and a l/ch e m ica l activ ities, thus 
ind ica ting  the need fo r  m ore com prehensive approaches (Rehren 1996a; K am ber et al. 
1998; Rehren 2002a). T he  practice o f  fire  assay as an analytical to o l is equally re levant to  
chem istry, extractive  m eta llu rgy and quality c o n tro l in  co in  p ro d u c tio n ; even the sm all- 
scale recyc ling  and re fin in g  o f  jewellery em ploys the same operations. A s a result, this
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seemingly diagnostic archaeological evidence is indeed h igh ly  ind ica tive  o f  fire assay, bu t 
does n o t in  its e lf enable iden tifica tio n  o f  the im m ediate technological context w ith in  
w h ich  these analyses were perform ed. In  some instances, the archaeological con text w ill 
be su ffic ien t to  establish the technological context, as is the case o f  the finds fro m  the 
A rch b ish o p ’s Palace in  T ro n d h e im  (N orw ay) (McLees 1996; Saunders 2001) o r the 
T o w e r o f  Londo n  (Bayley 1996), b o th  o f  w h ich  are clearly related to  the assay o f  
coinage, and the finds fro m  the F rob isher E xp e d itio n  on  K o d lu n a m  Island (Canada) 
(A uger et a i 1995; U n g lik  2000; Beaudoin and A uger 2004) o r the abandoned m in ing  
to w n  o f  M unster in  the Schwarzwald (Germ any) (Schifer 1998), b o th  o f  w h ich  are 
clearly aimed at the analyses o f  ores to  guide subsequent m in ing  and sm elting activities. 
O th e r cases are m uch less obvious in  the ir in te rp re ta tion , particu larly  when they are 
fro m  a habitation con text (Rehren 1996a; K am ber et al. 1998; Rehren 2002a). The 
d iffe ren tia tio n  between chem ical and m etallurgical fire  assay requires a m uch w ider 
investigative approach, and may s till p rove  futile.
Th is thesis, taking 
O berstocksta ll as the m ain case
in  p o in t, sets ou t to  a ttem pt a 
m ore  ho lis tic  reappraisal o f  fire  
assay. The assemblage, recovered 
beneath the sacristy o f  a church 
at a m anor house, contains 
fragm ents o f  a lm ost three 
hundred triangular crucibles, f if ty  
scorifiers and one hundred bone 
ash cupels, m aking i t  clear that 
fire  assays were conducted there 
on  a frequent basis (fig. 3). In  
add ition , fragments o f  a range o f  
chem ical equipm ent such as 
alembics, aludels, cucurbits, 
adopters, receivers and o ther 
vessels o f  ceram ic and glass are 
present, together w ith  minerals
Figure 3. Top, the basic fire assay equipment as 
depicted by Agricola (Hoover and Hoover 1950: 229), 
from left to right, a bone ash cupel, a triangular 
crucible and a scorifier. Bottom, the basic set of tools as 
identified in the Oberstockstall assemblage (scalebar 10 
cm). This parallel was first identified by Thilo Rehren.
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and m eta llu rg ica l debris1. A l l  th is raised the question o f  w he the r th is was the w orkshop  
o f  a m inera l assayer, the labora to ry  o f  an early a lchem ist o r  chem ist, o r w he ther b o th  
fire  assays and a l/chem ica l operations had been undertaken there.
T he  firs t com prehensive study o f  th is assemblage was carried o u t by the d irec to r 
o f  the  excavations, S igrid  v o n  O sten, in  her 1992 doc to ra l thesis, la ter expanded and 
pub lished  in  1998. She presented a tho rough  catalogue o f  finds and, based on  some 
con tem pora ry  w ritte n  sources, o ffe red  a p re lim ina ry  in te rp re ta tio n  o f  the func tions  o f  
m o s t instrum ents. W hen  rev iew ing  v o n  O sten ’s thesis, Sperl (1994) already posed this 
c ruc ia l question: was th is  an assayer’s w o rkshop  o r an a lchem ist’s laboratory? La te r on, 
S oukup and M ayer (1997) broadened the scope o f  com parative  w ritte n  sources and 
p ro v id e d  m ore details as to  the chem ica l reactions possib ly undertaken in  the d iffe re n t 
wares. They also announced a p rogram m e o f  sc ien tific  analyses o f  the assemblage 
(Soukup and vo n  O sten 1992; Soukup and M ayer 1997: 48-49), how ever on ly  a few  
results appear cu rso rily  ou tlined  in  th e ir 1997 vo lum e  and, as fa r as I  am aware, no  m ore 
analytica l results have been published. In  any case, tha t basic question rem ained 
unaddressed.
W hen the present P hD  p ro jec t started in  late 2001, i t  was decided that, parallel 
to  the sc ien tific  analysis, a widescale rev iew  o f  lite ra ture  w o u ld  be carried o u t in  o rde r to  
place the ac tiv ity  in to  its larger h is to rica l context: th is cruc ia l pe riod  w hen a new 
emphasis on  experim enta tion  w o u ld  lead, w ith  m uch  struggle, to  the eventual re jection  
o f  the trad itiona l A ris to te lian  w o rldv iew . A t  the same tim e, i t  was expected tha t this 
study w o u ld  shed lig h t on  the re la tionships between alchemy, chem istry  and m eta llurgy 
in  Renaissance Europe, particu la rly  w ith  regard to  fire  assay. W ha t started as 
background research to  answer a specific  archaeological p ro b le m  tu rned in to  a m ore 
substantia l venture, w ith  the realisation o f  some issues bearing w id e r im p lica tions  fo r  
the study o f  laboratory-based pyro techno log ica l operations such as fire  assay in  
Renaissance Europe. T w o  m ain hypotheses emerged:
a) In  the Renaissance, alchemy and chem istry were not d is tin c t dom ains, and th is 
inc lus ive  fie ld  d id  not convey the re lig ious, psycholog ica l o r m agical connota tions o ften  
attached today to  the pu rsu it o f  m eta llic  transm utation .
b) F ire  assays were a l/chem ica l as m uch as m eta llu rg ica l operations and, as far as 
assays are concerned, i t  is o ften  im possib le — and inapp rop ria te  — to  separate one sphere
1 A n  introduction to the archaeological context and the assemblage is given in section 4.1. Analytical 
results are presented in chapter 6 and discussed throughout the rest o f  this thesis.
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o f  activ ity  (a lchem y/chem istry) fro m  the o ther (metallurgy), g iven the ir strong 
in te rtw in ing .
These fundam ental factors are rarely acknowledged in  the literature on the 
h is to ry  o f  science, and are v irtua lly  absent in  publications on  m in ing  h is tory and 
archaeometallurgy. T h e ir discussion w ill fo rm  the rem ain ing parts o f  this chapter.
2.2. Renaissance alchemy and Renaissance chemistry
The range o f  chem ical equipm ent present in  the O berstocksta ll assemblage 
suggested that this cou ld  be the 
labora tory o f  an alchem ist o r 
chemist. A t  firs t glance, the context 
o f  the findings seemed to  indicate 
an ‘alchemical’ o rig in : the location 
o f  the laboratory in  the sacristy
cou ld  have been where the 
a lchem ist w ou ld  seek d iv ine
insp ira tion  in  his quest fo r the 
ph ilosopher’s stone, and therefore 
appeared quite m eaningful.
S trik ing ly, there is a small s lo t open 
in  the w a ll o f  this sacristy that 
allows a d irect v iew  o f  the altar 
fro m  the laboratory (fig. 4).
Favouring this pre lim inary
in te rp re ta tion  was also the 
‘a lchem ical’ imagery present in  the 
assemblage, inc lud ing  a tile w ith  a 
dep ic tion  o f  a h a lf open door 
typical o f  la ter freemasonry (fig. 5).
I t  was tem p ting  to  imagine the
Figure 4. Bottom, image taken from the sacristy and 
Renaissance sage fidd ling  w ith  laboratory in Oberstockstall, where a slot in the wall
can be noticed. Top, detail of the view of the altar
crucibles and enigm atic books in  a through this opening.
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sm oky laboratory, a im ing fo r  the p u rifica tion  o f  his soul and personal transm utation 
w h ile  deliberating on the meaning o f  the ph ilosopher’s stone. H ow ever, especially as the 
archaeom etric study progressed, the technical quality and degree o f  specialisation shown 
by the d iffe ren t utensils and debris suggested that th is was rather a ‘m odem ’, scientific 
labora tory, where specialised chem ical operations were carried o u t systematically. Th is 
d icho tom y seemed o f  the greatest im portance. In  accordance w ith  the b u lk  o f  the 
secondary literature on  alchemy and chem istry, a crucial assum ption had to  be made: 
should ou r study p rove tha t the O berstocksta ll labora tory was that o f  a chemist, then 
th is w ou ld  constitu te a key assemblage to  docum ent some particulars in  the 
developm ent o f  present-day science; if ,  instead, this was an alchem ical laboratory, then 
the remains could p rov ide  in fo rm a tio n  regarding the rituals and obscure arts practised 
by the adepts w h ils t in vok ing  supernatural powers.
Figure 5. Left picture: cover engraving of Heinrich Khunrath’s Amphitheatrum Sapientiae 
Aeternae (1595). On the left, mysticism; on the right, experiment; in the foreground, musical 
instruments representing the necessary harmony between those two; in the background, a half 
open door, the path to knowledge, which would become an icon of freemasonry. Right picture: 
a tile with an almost identical door, recovered in Oberstockstall (height of the tile is 325 mm). 
This parallel was first noted by Sigrid von Osten.
2 This image is taken from one o f the only three copies known, deposited in the Department o f  Special 
Collections o f  the M em orial Library at the University o f  Wisconsin-Madison, and accessible via the 
website < http://w w w.library.w isc.edu/libraries/SpecialCollections/khunrath/index.html>  [accessed
10.04.2003].
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W ere we dealing w ith  alchemy o r w ith  chem istry? W ere they ph ilosophers o r 
scientists? I t  tu rned o u t tha t the very phrasing o f  the research questions was 
inapprop ria te .
2.2.1. Alchemy or chemistry? Terminological issues
I t  is irre levan t to  question  w he the r a lb ^ -c e n tu ry  person shou ld  be called 
‘a lchem ist’ o r ‘chem ist’ i f  one realises tha t such a d is tin c tio n  d id  n o t exist at the tim e 
concerned. In  present-day language, ‘a lchem y’ im m ed ia te ly  recalls the idea o f  the 
transm uta tion  o f  metals and go ld  m aking  — o fte n  w ith  m any o th e r connota tions, as 
discussed below . ‘C hem is try ’ is, in  tu rn , reserved fo r  the m ore  ‘rigo rous ’ d isc ip line  
concerned w ith  the com pos ition  o f  things. H ow ever, tha t neat d e fin itio n  o f  alchem y as 
go ld  m aking d id  n o t appear u n til the 18th century, and d id  n o t crystallise be fore  i t  was 
inc luded  in  D id e ro t and d ’A le m b e rt’s Ylncyclopedie, pub lished in  1753. Before  th is, the 
tw o  w ords were synonym ous; w hen d isc rim ina tion  was made, th is was specific to  each 
in d iv id u a l au tho r and based on  grounds d iffe re n t fro m  the m odern  ones. O ne o f  the 
best kn o w n  examples attesting to  th is is Andreas L ibav ius ’ 1597 vo lum e  w h ich , even i f  
en tided  A le hernia, on ly  devotes a few  pages to  discuss transm uta tion , and is today w ide ly 
recognised as the firs t m o d e m  handbook on  chem istry. B iringucc io  (1540) talks about 
arte alchimica w hen discussing the ph ilosop he r’s stone (B ook  I) b u t also w hen describ ing 
sub lim a tion  and d is tilla tio n  (B ook IX ) . A g rico la  (1556), instead, uses the te rm  
chymistaslchymistae, b o th  w hen discussing ‘bad’ alchemists w h o  deceive people, as he does 
in  his Preface, and ‘good ’ ones w h o  developed early assaying m ethods, as re fe rred  to  in  
his B ook  V I I  o f  De re me tallica. O bv ious ly , these details can o n ly  be no ticed  w hen 
w o rk in g  w ith  the p rim ary sources in  th e ir o rig ina l languages, since translators may n o t 
have been aware o f  the im portance  o f  these te rm ino log ica l subtleties. There are many 
o th e r figures to  illustra te  th is lingu is tic  id e n tity  o f  ‘a lchem y’ and ‘chem istry ’, and even 
examples o f  single authors using b o th  term s ind is tin c tive ly  (N ew m an and P rinc ipe 
1998).
W h a t is the o rig in  o f  th is confusion? Seemingly, a w ro n g  in te rp re ta tio n  o f  the 
etym ology. T he  p re fix  al- o f  alchymia is no th in g  b u t the A rab ic  de fin ite  artic le added to  
the G reek chemeia o r  chymeia, p robab ly  derived fro m  cheein, the w o rd  used fo r  sm elting. 
T h is  al- was m is in te rp re ted  in  the 17th century as co n n o tin g  special excellence. 
Subsequendy, the te rm  alchemy was progressively reserved fo r  w h a t was considered the 
m agn ificen t side o f  the d iscip line, i.e. the go ld  m aking  endeavour. H ence “ synonyms
36
Marcos Martin6n-Torres 2. Alchemy, chemistry and metallurgy
became non-synonym ous”  
(N ew m an and Principe 1998: 
41) and, contrary to  the 
present day, h igher status was 
g iven to  ‘alchemy’ and its quest 
fo r  the ph ilosopher’s stone. 
A fte rw ards , as the ‘G reat
W o rk ’ was repeatedly proven 
to  be im possible to  achieve 
and increasing num bers o f  
frauds were reported,
professionals tended to  
legitim ise the ir activ ity  by
dissociating it  fro m  the now  
less reputable ‘alchemy’ . In  
1685, Sir John Pettus already 
notes that, in  spite o f  meaning 
the same as “ ch im is try” , the 
te rm  “ alchim y o r a lch im ist 
( . . . )  is sometimes taken in  an 
i l l  sense”  (Pettus 1685: 25). 
Thus the throne was turned 
upside dow n, ‘chem istry’ 
became the respectable 
occupation, and the
founda tions o f  the m odem
h is to riog raph ic  m istake were 
established.
T he  iden tity  o f
Renaissance alchemy and
chem istry has been po in ted  
o u t by several h istorians o f  
science (G o ltz  1968; W eyer
Figure 6 . David Teniers the Younger (1610-1690), 
Alchemist Heating a Pot. A sympathetic view of the 
alchemist as a practitioner: a serious researcher in an 
orderly laboratory (cf. Principe and De W itt 2002: 12).
Figure 7. Charles Meer Webb, The Search fo r  the 
Alchemical Formula (1858). A depiction of the decrepit 
alchemist suffused in obscurity and mysticism (cf. Principe 
and De W itt 2002: 34).
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1978; H a lleux  1979; Rocke 1985; N ew m an  and P rinc ipe 1998). I t  is surpris ing  tha t many 
h is to rica l and archaeom etallurg ical studies s till address — o r  s im p ly  take fo r  granted — the 
d iffe rences between alchem y and chem istry. Some scholars adm it the character o f  
a lchem y as a ‘p r im it iv e ’ o r  ‘pseudo’ science that, despite m uch  obscurity  and abstraction, 
som ew hat con tribu ted  to  the deve lopm ent o f  m o d e m  chem istry (e.g. P a rting ton  1960; 
D ebus 1978; K n ig h t 1992; Levere 2001) (fig. 6). O thers  d im in ish  the practica l side o f  
a lchem y and emphasise its connections w ith  m agic, astro logy, re lig ion  o r psychology, 
con tras ting  i t  w ith  its contem poraneous chem istry, w h ich  is seen as the ro o t o f  m o d e m  
science (Eliade 1938; Jung 1939; E liade 1962; Lange 1965; B u rland  1967; S m ith  1972; 
Fabric ius 1976; Jung 1980; Beretta 1993) (fig. 7). A n o th e r p opu la r p o s itio n  entails 
d isregard ing alchemy a ltogether as a vague craze o f  the ig n o ra n t and the greedy (fig. 8), 
again d issociating i t  fro m  ‘p ro p e r’ chem istry. Regardless o f  th e ir conclusions, a ll these 
perspectives su ffe r fro m  a s trong bias. In  fact, since ‘a lchem y’ and ‘chem istry ’ d id  n o t 
exist as d is tinc t d iscip lines in  the Renaissance, th e ir ten ta tive  d iffe re n tia tio n  by 
h is torians o f  science is anachron istic and confusing. As aptly contended by N ew m an 
and P rinc ipe  (1998: 36),
“ I f  one defines alchem y as a non-quan tita tive , v ita lis tic  o r  vaguely ‘non- 
sc ien tific ’ endeavor, and then d iffe ren tia tes source m aterials in to  alchemy and 
chem istry using these crite ria , the find ings w il l  o f  course re co n firm  the d e fin itio n  
and all tha t accompanies i t ” .
T h is  d is tin c tio n  is set a priori and founded  on  m o d e m  conceptions, these 
param eters being com ple te ly alien to  16,h-century a l/chem is ts  and there fo re  n o t va lid  as 
a theore tica l vantagepoint fo r  scholarly study.
G ive n  that this m istaken segregation between Renaissance ‘a lchem y’ and 
‘chem is try ’ is so deeply engrained in  the h is to riography, the use o f  the archaic te rm  
chymistry has recently been suggested as a neutra l, a ll-inc lus ive  denom ina tion  fo r  bo th  
‘a lchem y’ and ‘chem istry ’ in  the pe riod  spanning fro m  the R e fo rm a tion  u n til the end o f  
the 17th century. F o r earlier periods, the w o rd  ‘a lchem y’ w o u ld  rem ain va lid , as the L a tin  
chymia rare ly appears before  that tim e. In  o rder to  specifica lly denote the transm uta tion  
o f  base m etals in to  go ld  and silver, respectively the term s chrysopoeia and argyropoeia may 
be used, ju s t as chemiatria o r iatrochemistry may be reserved fo r  the p repara tion  o f  
m edicines (N ew m an  and P rinc ipe 1998: 41-42). F u rthe r, spagyria is specifica lly the 
separation o f  a substance in to  its Essentials (P rincipe 1998: 9). T h is  te rm ino logy  avoids
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confusions and un founded presum ptions w h ile  acknow ledging the existence o f  a single 
sphere o f  activ ity  w ith  m u ltip le  dimensions. Its  use is hence fo rth  adopted in  th is study 
and encouraged fo r  others.
O V A T V O *  I N t U T A  N A T V M S  IH N V H  R U t '  
M IVCKALI) « M  U T  VP» P M U C M A L ll 
SLD T A U S  Q V A L It M t l U T V L  VftlQ? V LI1
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Figure 8 . Pieter Brueghel the Elder, The Alchemist (1558). A view of the greedy 
alchemist in a chaotic laboratory, about to melt his last coin in the crucible while his 
wife shows an empty purse (compare to the full purse hanging from the belt of the 
alchemist in Figure 6 ), and his foolish assistant bellows some spilled crucibles. 
Through the window, a view into the future presents the same group, now ruined 
and begging for charity (cf. Principe and De W itt 2002: 11-12).
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2.2.2. Proto-philosopher or proto-scientist? The connotations of chrysopoeia
l i k e  m any o the r h istorians o f  science, C o ttie  B urland  (1967: 1) w ondered:
“ Was the a lchem ist a ph ilosopher, deep in  a m ysterious study where he 
d iscovered the secrets o f  transm utation? Was he jus t a charlatan in vo lve d  in  a 
particu la rly  fantastic k in d  o f  m um bo-jum bo?  Was he s im p ly  a fo re runne r o f  the 
scientists o f  today? O r  had he an occu lt know ledge w h ich  we cannot hope to  
acquire in  o u r m ateria lis t env ironm ent?”
S im ila r questions were raised w hen firs t addressing the O berstocksta ll 
assemblage, hop ing  tha t they w o u ld  expla in the w id e r con tex t and im p lica tions  o f  the 
archaeological remains. H ow ever, once again, the questions had been based on 
unsubstantiated assumptions.
W hether we call i t  ‘a lchem y’ o r, m ore co rrectly , ‘chrysopoeia ’, the idea o f  the 
Renaissance sage try ing  to  transm ute base metals in to  go ld  tends to  bear several 
connota tions. These are roo ted  in  the E n ligh ten m en t re jec tion  o f  obscurantism  and in  
the la ter R om antic  d is illus ionm en t w ith  N ew ton ian  science tha t led to  a new tu rn  to  
o ccu ltism  (Principe and N ew m an  2001). Nevertheless, w ha t is the h is to rica l evidence 
su p p o rtin g  them? S tartling ly , very lit t le  — i f  any. In  the fo llo w in g  pages, d raw ing  m ain ly 
fro m  a sem inal artic le by tw o  historians o f  science (P rincipe and N ew m an  2001), some 
o f  the com m on  in te rpre ta tions o f  Renaissance transm uta tiona l chym istry  are examined.
a) Chrysopoeia is related to natural magic, astrology or soothsaying
M any historians and o the r scholars inc lude  transm uta tion  — w ha t they call 
‘a lchem y’ — in  the catalogue o f  ‘obscure arts’ (e.g. Evans 1997). A s they appear 
concealed in  secrecy and ‘in it ia tic  style’, w ritings  and activ ities related to  chrysopoeia 
have tra d itio n a lly  been related to  d iffe re n t types o f  ‘secret know ledge ’, such as magic 
and astro logy. T he  reason beh ind  this connection  is simple: w ha t was secret and m urky  
in  its o w n  tim e  became incom prehensib le  o r meaningless later on  and, as a result, 
any th ing  ‘obscure ’ has been typecast together in  later in te rp re ta tions. In  o the r w ords, we 
have created a ‘h o tch p o tch ’ category w ith  all the past activ ities tha t appear hard to  
understand in  the present.
I t  is tim e  fo r  th is easy and erroneous s im p lifica tio n  to  be avoided. Pursu ing 
m eta llic  transm uta tion  d id  n o t necessarily im p ly  m agic o r astro log ica l practices, n o t to
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m ention  soothsaying. O f  course b o th  realms coexisted in  some ind iv idua ls, as i t  
happened w ith  o ther disciplines — in  the same way as a present-day doctor, o r a 
housew ife , o r a p lum ber, may be superstitious. S ignificantly, the boundaries between 
Renaissance science and magic were diffuse, therefore some practices that w ou ld  today 
be labelled as ‘magic’ w ou ld  n o t surprise any 16th-century ‘scientist’ (cf. H en ry  1990). 
T he  case o f  chrysopoeia was n o t special in  th is p o in t, since i t  m atched the current 
theories o f  matter, w h ich  made transm utation appear feasible. Th is  enterprise, however, 
cou ld  prove very p ro fitab le  and give pow er to  those unw o rthy  o f  it, hence the need fo r 
suitably encrypting the know ledge gained. There was, however, a long  distance between 
cod ify ing  in fo rm a tio n  and practis ing magic.
b) The gold makers' goals were supramundane
I t  is very com m on to  believe that the m ain goals o f  the go ld  m aker were beyond 
this w orld . W idespread understanding o f  the quest fo r  the ph ilosopher’s stone depicts 
the ‘alchem ist’ as a possessor o f  a large arcane know ledge and sp iritua l enlightenm ent. 
A cco rd ing  to  this view , the transm utation o r ‘healing’ o f  metals w o u ld  be an allegory o f  
the transm utation o f  the adept h im self, fro m  a mundane, terrestria l state in to  a m ore 
nob le , spiritua l o r d iv ine cond ition . Th is  allegedly pra iseworthy p ic tu re  o f  the alchemist 
has been underpinned by a wealth o f  scholarly books 
and popularised in  film s, tales and novels (fig. 9).
The  problem  o f  this in te rp re ta tion  is simple:
“ even laying aside the m ore extreme positions, the 
h is to rica l record (...)  sim ply does n o t countenance i t ”
(P rincipe and Newm an 2001: 397). Even though many 
chym ical texts include fa irly extensive im precations to  
d iv in ities , exhortations to  m ora lity  and expressions o f  
p iety, there is no  evidence to  support the idea that 
the ir w o rks  aimed at anything o ther than the m aterial 
gold. The  re lig ious sensitivity o f  the Renaissance was 
greater than tha t o f  later periods, w h ich  somewhat led 
to  overstating the in p u t o f  re lig ion in  the ‘G reat W o rk ’ 
when reading ancient chrysopoetic books fro m  m ore 
secular contexts — an ahistorical in terpretation. S till
PAULO
COELHO
Figure 9. Cover of Paulo 
Coelho’s popular novel The 
Alchemist, the story of a boy 
who, guided by an alchemist, 
learns how to overcome his fears 
and follow his dreams.
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d u rin g  the Renaissance, some unsk illed  adepts, unable to  decipher the texts, may have 
th o u g h t tha t the key to  the ph ilo sop he r’s stone was sp iritua l ra ther than practical. Th is  
p ious a ffe c tio n  o f  the tim e, the emphasis on  secrecy and even the use o f  re lig ious 
allegories to  illustra te  and adorn chym ica l w orks  led to  the id e n tif ica tio n  o f  the go ld  
m aker as a sort o f  m ystic. T he  actual use o f  the rh e to ric  o f  transm uta tion  as a d idactic 
m e ta p h o r in  the re lig ious lite ra tu re  also co n tribu ted  to  th is  con fus ion . As G areth  
R oberts  has noted,
“ A lchem ica l discourse was also suffused w ith  the language o f  C hris tian ity , its 
ethics, scriptures, litu rg y  and doctrines. [Religious images] were centra l to  the 
C hris tian  doc trine  and also to  the m ystery re lig ions, b o th  o f  w h ich  p rov ided  
cultural contexts fo r  the earliest alchem ical texts.”  (Roberts 1994: 78, m y italics).
Relig ion was so present in  society tha t i t  featured heavily in  chym ica l texts — as 
w e ll as in  o the r books. H ow ever, w hen the research focus is to o  na rrow , researchers are 
at risk  o f  overem phasising the im portance  o f  things. T h is  is the case o f  the renow ned 
h is to rian  o f  re lig ions M ircea K liade (1938; 1962), w ho  managed to  con tend this m yop ic  
v ie w  o f  chrysopoeia in  a fash ion tha t seemed unquestionable. H e transposed his 
know ledge o f  w o rld  re lig ions and trad itiona l A fr ic a n  m eta llu rg ica l practices to  early 
chym is try  and concluded that, even though  the a lchem ist w o rked  tangentia lly w ith  
chem icals and metals, his real in terest concerned the soul: the chem ical endeavour o f  the 
adept was an a ttem pt at his o w n  transm uta tion , thereby becom ing  closer to  pe rfec tion  
and to  the deity. O n ly  those w ith  the adequate state o f  body and soul w o u ld  succeed in  
the quest and this was, accord ing to  E liade and his fo llow ers, the real challenge and the 
suprem e goal.
I t  shou ld  be emphasised that Renaissance w ritte n  sources do  n o t p rove  this 
a ttractive  story. In  chym ical w ritings , we do fin d  some statements such as the fo llow ing :
“ o u r in te n tio n  is n o t d irected tow ards teaching anyone h o w  to  make go ld  b u t 
tow ards som eth ing m uch  higher, nam ely h ow  N a tu re  m ay be seen and 
recogn ized as com ing  fro m  G od , and G o d  in  N a tu re .”  (G eorg  vo n  W e lling  
(1655-1727), as c ited in  Eliade 1962: 165-166).
T h is , rem oved  fro m  its h is to rica l con tex t and ig n o rin g  the b u lk  o f  the lite ra ture  
su rround ing  it ,  m ig h t serve to  support tha t the goals o f  transm uta tion  were beyond this 
w o rld . H ow eve r, once contextua lised, i t  looses exceptionality. F o r a Renaissance person, 
chym is try  and re lig io n  were related, inso fa r as re lig io n  im pregnated  absolute ly
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everyth ing. Furthe rm ore , investiga ting  nature led to  a be tte r apprecia tion  o f  w ha t was 
seen as G o d ’s wise and generous creation, and hence chym istry  — n o t o n ly  chrysopoeia 
— co u ld  be seen as a very respectable occupation. I t  is also true tha t i t  was conven ien t to  
have G o d ’s favour w hen  em bark ing  on  transm uta tion  experim ents — o r on  any o the r 
task, at any time! Recent studies across the w ho le  spectrum  o f  the h is to ry  o f  science 
show  h o w  the presence and im portance  o f  theo log ica l concerns were shared by all 
branches o f  early m o d e m  natura l ph ilosophy. A s  asserted by D ebus (1978: 13-14), “ i t  is 
im p o rta n t n o t to  separate the ‘m ystica l’ and the ‘sc ien tific ’”  w hen  studying the natural 
sciences o f  this tim e, since “ to  do so w o u ld  be to  d is to rt the in te llec tua l c lim ate o f  the 
p e rio d ” . Th is  applies to  a ll spheres o f  ac tiv ity  — the case o f  chrysopoeia n o t being 
special. In  sum, a con textua l approach to  the re lig ious engagement o f  transm uta tion  
shows that fa r-fe tched in te rp re ta tions are unnecessary. M u ch  s im p le r and conservative 
arguments are, on  the contrary, supported by the h is to rica l record.
c) ‘Alchemy ’ is the projection of imagery from the collective subconscious
M etaphors, em blem s and symbols, a lm ost om nipresen t in  alchem ical 
transm uta tion  sources, were used by Carl Jung as the starting  p o in t o f  his studies. 
C o m b in in g  his readings w ith  his experiences as a psychoanalyst, he concluded that “ we 
are called upon  to  deal, n o t w ith  chem ical experim enta tions as such, b u t w ith  som eth ing 
resem bling psychic processes expressed in  pseudo-chem ical language”  (Jung 1939: 210; 
see also Jung 1980). A cco rd in g  to  Jung, the a lchem ist’s “ experience had n o th in g  to  do 
w ith  m atte r in  i ts e lf ’ (Jung 1939: 213), and hence there was no  p o in t in  try in g  to  decode 
th e ir texts fro m  a m ateria lis tic p o in t o f  v iew . In  his v iew , go ld  makers d id  n o t use 
obscure language to  hide actual chem ical substances and make the task o f  the 
u n in itia te d  d iff ic u lt; they used the b izarre te rm ino logy o f  dragons, dy ing kings and 
strange figures s im ply because these were the fo rm s in  w h ich  the co llective 
subconscious erupted in to  the chym is t’s m ind.
Jung ’s dep ic tion  is, together w ith  E liade ’s, the m ost in flu e n tia l in  the com m on  
pe rcep tion  o f  transm uta tiona l chym istry, and we fin d  his ideas respected and repeated to  
d iffe re n t extents in  m ost later studies on  the h is to ry  o f  science. T h is  approach seems 
inconsisten t, though . Increasingly, m ore and m ore  o f  the w ritte n  sources and em blems 
analysed by Jung  are decoded in  m odem  chem ical term s, and the processes even 
rep licated experim enta lly , w ith o u t the need o f  analytical psychology (Read 1936; O b ris t 
1982; P rinc ipe  1987; 2000). Thus “ the ‘otherness’ o f  a lchem ical texts rests, then, m ore
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on  th e ir  m odes o f  expression than on  the ir modes o f  labora to ry  w o rk ”  (P rinc ipe 2000: 
71). M oreove r, there is n ow  evidence o f  chrysopoeians w h o  used the pecu lia r allegorical 
descrip tions in  the ir books w h ile  be ing perfecdy capable o f  expressing the very same 
experim ents using clear, exp lic it, ‘chem ical’ term s in  priva te  com m unica tions such as 
letters. A l l  these arguments render the Jungian v iew  very questionable (see also 
R odriguez G uerre ro  2001; P rinc ipe  and N ew m an  2001: 405-406).
A m o n g  various possible examples attesting the real ‘chem istry ’ h idden beh ind 
‘a lchem ica l’ psychology, Basilius V a len tinus ’ prima clavis is b ro u g h t up  here. Va len tinus is 
k n o w n  as a Benedictine m o n k  and adept o f  the 15th century — even though his books 
d id  n o t emerge u n til the end o f  the 16th century — and is regarded as one o f  the fathers 
o f  ‘a lchem y’. In  the f irs t o f  his Twelve Keys, o r tw elve stages to  produce the ph ilosophe r’s 
stone, we read:
“ Le t the d iadem  o f  the k ing  be o f  pure go ld , and le t the queen tha t is un ited  to  
h im  in  w ed lock  be chaste and im m aculate. I f  you  w o u ld  operate by means o f  o u r 
bodies, take a fierce grey w o lf,  w h ich  ( . . . )  is fou n d  in  the valleys and m ounta ins 
o f  the w o rld , where he roam s about savage w ith  hunger. Cast to  h im  the body o f  
the k ing, and w hen he has devoured it, b u m  h im  entire ly  to  ashes in  a great fire. 
By th is process the k ing  w il l  be liberated. A n d  w hen i t  has been perfo rm ed  
th rice  the lio n  has overcom e the w o lf, and w ill f in d  n o th in g  m ore to  devour in  
h im . Thus o u r body has been rendered f i t  fo r  the firs t stage o f  o u r w o rk .” 3
A t  firs t, the tex t m ig h t sound b izarre and senseless. In  a closer psychoanalytical 
approach, one m igh t argue tha t i t  recalls the image o f  a w om an w illin g  to  get r id  o f  a 
d o m in a n t man by some v io le n t means, hence possib ly re la ting  to  the universal 
subconscious. H ow ever, a fte r considering d iffe re n t op tions , i t  was possible to  replace 
the sym bols by the ir real referents and decode the paragraph as fo llow s:
L e t the d iadem  o f  the k ing  be o f  pure go ld , and le t the s ilver tha t is alloyed to  i t  
be re fined. I f  you w o u ld  operate by means o f  o u r elements, take stibn ite , w h ich  
is fo u n d  in  the valleys and m ounta ins o f  the w o rld , and is very aggressive. Cast 
to  i t  the go ld , and w hen i t  has consum ed it, b u m  the m ix tu re  entire ly  to  ashes in  
a great fire . B y  th is process the go ld  w il l  be liberated. A n d  w hen i t  has been
3 The “Twelve Keys” appear to have first been published in Eiti kurt% summarischer Tractat, von dem grossen 
Stein der Ura/ten... (Eisleben, 1599). The translation quoted here is taken from  Adam  M cLean’s Alchemy 
Website < h ttp://w w w .levity .com /alchem y/tw elvkey.htm l>  [accessed 14.02.2002].
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pe rfo rm ed  thrice , the go ld  has overcom e the stibn ite , and [this] w il l  f in d  n o th in g  
m ore  to  devour in  the gold. Thus the go ld  has been rendered pure fo r  the firs t 
stage o f  ou r w o rk .
As i t  reads now , the text is a ra ther s tra igh tfo rw ard  descrip tion  o f  the s tibn ite  
process o f  go ld  and s ilver parting. G o ld  no rm a lly  contains some traces o f  silver. I f  one 
m ixes this im pure  go ld  w ith  stibn ite  (also called an tim on ite  — an tim ony  trisu lph ide , 
Sb2S3) and the m ix tu re  is heated up, the s ilver is sulphurised and thus separated fro m  the 
n o b le r go ld , w h ich  settles by g rav ity  as a regulus under the argentiferous an tim on ite . Th is  
process is docum ented by 16th-century archaeological rem ains (Rehren 1996a) and 
described in  several con tem pora ry  w ritte n  sources, fo r  exam ple Lazarus E rcke r (Sisco 
and Sm ith  1951: 195-198) w ho , like  V a lentinus, advises to , a fte r the firs t run , “ rem elt 
the  regulus once o r tw ice  w ith  fresh an tim ony” . A s no ted  in  the previous chapter, the 
p h ilosop he r’s stone was understood by m any — nam ely the spagyric chym ists — as the 
purest essence o f  the p rim e  m atter, and the adepts were obsessed about the p u rity  o f  
the elements treated. F o r example, the chym ist and m o n k  John  Sawtre — c iting  
Pythagoras as his source — w rites tha t a body “ cannot be tru ly  transm uted unlesse (sic.) 
tha t i t  be reduced in to  his firs t m atter.”  (Sawtre, in  A fo n so  V  K in g  o f  Portuga l 1651: 27- 
28). T he  various metals kn o w n  to  the chym ists were n o t believed to  be fundam enta lly 
d iffe re n t fro m  each other. A cco rd ing ly , the ph ilosophe r’s stone cou ld  be generated fro m  
the decom pos ition  and p u rifica tio n  o f  any o f  them . H ow eve r, since go ld  was though t to  
be the purest metal, and as the ir concern was extracting  the purest pa rt o f  m atter, i t  was 
clever to  start w ith  go ld . Eirenaeus Philalethes (1627-1665) — nowadays iden tified  
beyond question as George Starkey (N ew m an 1994; N ew m an  and P rinc ipe  2002) —, w ill 
state i t  clearly in  1655:
“ T he  Stone you seek, wee said, and s till a ffirm ,
Is o n ly  G o ld , b rough t to  so h igh  perfec tion  
As i t  is possible, w h ich  though a f irm  
C om pacted  body, yet by A rts  d irec tion ,
A n d  N atures operation , i t  is made
A  tin g in g  S p irit, w h ich  w ill never fade.”  (Philalethes 1654 /5 , p t. 2, bk. 1: 2)
A n d  w h a t be tte r way o f  ob ta in ing  pure metals than re fin in g  them  by chem ical 
processes? T h is  was, in  fact, understood by the copyist w ho , already in  the 17th century,
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added some illustra tive  emblems to  Basilius V a lentinus’ keys and prov ided  even more 
clues as to  how  to  refine argentiferous go ld  and decipher the text (fig. 10).
Th is  and o the r cases exem plify that, by and large, the chym ists’ images are no t 
upsurges o f  a collective subconscious, bu t m eaningfu l m etaphors orig ina ting  fro m  actual 
observations o f  real experiments, and encoded due to  the reasons explained above. 
Aga in , we do no t need to  resort to  hum an’s subconscious to  explain this allegoric 
language.
T R I M  A
Figure 10. Emblem accompanying Basilius Valentinus’ prima clavis. In the middle, the 
king and the queen (gold and silver), the latter holding three flowers (perhaps the three 
times that the process has to be repeated). In the bottom-left corner, a wolf (stibnite) 
above a triangular crucible which could well be used for refining gold with stibnite. On 
the right, the copyist advanced another process not mentioned by Valentinus: Saturnus 
(lead) with a cupel where silver is refined, possibly from the stibnite ashes. The artefacts 
shown under the emblem are a crucible and a bone ash cupel from Oberstockstall 
(emblem reproduced with kind permission of the Edgar Fahs Smith Collection, 
University of Pennsylvania Library).
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d) Gold makers believed that matter was alive
Finally, another assum ption in  the in te rp re ta tio n  o f  chrysopoeia tha t may be 
questioned is the v ita lism  o r hy lozo ism . I t  is com m on  to  th in k  tha t early m odem  
chym ists — and o ften  m etallurg ists — believed tha t m atte r was alive, and tha t th is v iew  
on ly  came in to  question in  the 17th-century ‘S c ientific  R e vo lu tio n ’ . T h is  n o tio n  w o u ld  be 
one im p o rta n t basis o f  transm utation . A s  m inerals and metals seemed to  g row  
underground, and also to  change w hen  subjected to  pa rticu la r circumstances, i t  was 
concluded that m a tte r had life  and conta ined the seeds o f  its  o w n  developm ent. 
A cco rd ing ly , the adept’s goal was ‘healing’ the metals, ‘accelerating’ th e ir lives so tha t 
they w o u ld  becom e nobler. T h is  concept, indeed present in  some chym ical sources, was 
overly  stated by M ircea E liade a fte r docum enting  s im ila r beliefs in  trad itiona l A fr ica n  
m etallurgists, and was then fo llow ed  by m any scholars.
The d icho tom y between alchem y as v ita lis t and chem istry as m echanist can no  
longer be sustained. P rinc ipe and N ew m an have id e n tifie d  practitioners o f  
transm uta tion  stating exp lic itly  tha t the laws govern ing  the anim ate w o r ld  are d iffe re n t 
fro m  those govern ing  the inanim ate w o r ld  o f  m inerals and metals. In  add ition , they 
presented sources whose authors clearly acknowledge that w hen re fe rring  to  the ‘anim a’ 
o r  ‘semen’ o f  the metals, o r  w hen discussing male and female princ ip les inheren t to  
d iffe re n t substances, they are s im p ly using m etaphors (P rinc ipe and N ew m an 2001). 
These were allegories u tilised  to  expla in th e ir practices w ith in  the secrecy o f  the ir texts, 
b u t cannot be taken as p la in  and open a ffirm a tions. I t  may be w o rth w h ile  to  rem em ber 
tha t in  the present-day w o r ld  we o ften  expla in chem istry in  term s o f  ‘excited ’ and 
‘a ttracted ’ electrons, and th is does n o t mean that we believe that atoms are alive. 
Renaissance scholars had the very com m on  hab it o f  arguing by means o f  analogy 
(C rosland 1962), so these ‘hum anis ing ’ m etaphors are even m ore  understandable in  the ir 
h is to rica l context.
T h is  is n o t to  say that these sorts o f  ideas were com ple te ly  absent in  early 
m odem  perceptions o f  the m inera l w o rld . The  E ng lish  a lchem ist Thom as N o rto n , 
w r it in g  in  the late 15th century, acknowledges an existing debate between those w h o  
believe tha t metals g ro w  and m u ltip ly , and those contesting  th is v ie w  (N o rto n  1652: 18- 
21). G eorg ius A g rico la  does believe tha t metals develop over tim e, b u t he makes the 
p o in t tha t th is  is an asexual, inorgan ic process, and in  th is he d iffe rentia tes h im se lf fro m  
earlier alchemists (cf. H a lleux  1974). Some Renaissance chym ists thus be lieved tha t
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m atte r d id  g row  and upgrade over tim e, and such statements appear in  the texts o f  the 
tim e. H ow eve r, i t  cannot be assumed tha t they a ll d id  so, since there is evidence o f  
authors seeking m eta llic  transm uta tion  b u t suppo rting  co n flic t in g  views.
2.3. The overlap between chymistry and metallurgy: fire assay
U p  to  th is p o in t, some popu la r conno ta tions n o rm a lly  attached to  the concept 
o f  ‘a lchem y’ have been ou tlined . I t  has been show n tha t each o f  these concepts can be 
s trong ly  questioned — m ost even invalidated. W e should ta lk  abou t ‘chym ists ’, some o f  
them  attem pting  chrysopoeia, and some no t. T he  quest fo r  the p h ilosop he r’s stone is 
b u t one endeavour — perhaps a pa rticu la rly  in te resting  one — w ith in  the chym ica l 
dom ain . R eturn ing to  the pa rticu la r case study o f  O berstocksta ll, th is m eant tha t the 
in te rp re ta tio n  o f  the archaeological remains shou ld  necessarily be conservative. The 
mere evidence o f  the practice o f  chym istry  w o u ld  in  its e lf a llow  litd e  inference as to  the 
pe rcep tion  o f  materials, re lig ious sensitiv ity, psychology o r understand ing o f  the w o rld  
o f  the artisans invo lved , irrespective o f  w he ther o r n o t transm uta tion  was a ttem pted 
there. C om plem entary research strategies w o u ld  need to  be devised in  o rde r to  
investigate this issue. In  add ition , there was another p o in t yet to  be c larified : together 
w ith  the specialised chym ica l equipm ent, the assemblage showed clear evidence o f  
m e ta llu rg ica l fire  assays be ing conducted in  the laboratory. H o w  cou ld  this com b ina tion  
o f  activ ities be explained? W h a t was the re la tionsh ip  between Renaissance chym istry  and 
metallurgy?
A t a firs t glance, one cou ld  assume tha t m eta llurgy and chym istry  had litde  in  
co m m o n  — an idea that underlies m ost secondary literature. M e ta llu rgy was an industry  
and m eta llurg ists mere craftsm en, whereas the chym ist is seen as a scientist o r 
p h ilo so p h e r in vo lved  in  a com ple te ly  d iffe re n t pursu it. F u rthe rm ore , m eta llu rgy and 
chym is try  had very d iffe ren t goals. F o r the chym ist, the m ain  enterprise was the 
exam ina tion  and understanding o f  the natura l w o rld , and possib ly the transm uta tion  o f  
metals, whereas the m eta llurg ist on ly  aim ed at the practica l exp lo ita tio n  o f  the m inera l 
wealth. T h is , com b ined  w ith  the present-day segregation o f  the tw o  disciplines, m ay be 
the reason w h y  early m o d e m  chym istry and m eta llurgy are no rm a lly  studied by  d iffe re n t 
scholars using d iffe re n t strategies.
W h a t happens w hen  the tw o  dom ains are looked  at together? O bv ious ly , the 
reactions undertaken by  m etallurg ists are o f  a chem ical nature, and in  cases such as
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O berstocksta ll, as w e ll as in  o the r archaeological and w ritte n  sources (discussed be low ), 
i t  is clear tha t chym ists o fte n  conducted m eta llu rg ica l operations. T he  chem ical 
character o f  early m o d e m  m eta llu rg ica l practices has o fte n  been no ted  (e.g. S tillm an 
1924; H o o v e r and H o o v e r 1950; Sisco and S m ith  1951; Leicester 1956; Lange 1965; 
S m ith  and Forbes 1969; R ocke 1985; H a lleux 1986; Sm ith  and G n u d i 1990; L o n g  1991; 
R oberts  1991; Beretta 1993; M u lth a u f 1993; Rehren 1996a; Rehren 1997; Beretta 1997; 
Levere  2001; H en ry  2002; Rehren and E ckste in  2002; N ew m an  and P rinc ipe  2002; 
R ehren 2002a), nonetheless the actual re la tionsh ip  between b o th  realms, specifically in  
the fie ld  o f  analytical chem istry, is yet to  be exp lo red  in  detail. W hen  the case o f  fire  
assay is considered, th is l in k  appears obvious. E arly  and very  s ign ifican t w orkshops 
co m b in in g  chem ical and m eta llu rg ica l expertise were always fo u n d  in  the o ff ic ia l m in ts, 
w here bo th  analytical chem istry and large-scale m eta llu rg ica l operations were carried 
ou t. T h is  began w ith  the very earliest coinage, in troduced  in  the 7th century BC  in  Sardis, 
w h ich  w ith in  a few  decades led to  the firs t deve lopm ent o f  pa rting  go ld  fro m  silver 
(Ramage and C raddock 2000) — a h ith e rto  u n kn o w n  techno logy — and certa in ly d id  n o t 
end in  the m id  19th century A D  laboratories o f  the Royal M in t in  St Petersburg, where 
the re fin in g  and processing o f  p la tinum  m eta l was developed to  an indus tria l scale (Auer 
et al. 1998). The  practice o f  fire  assay, how ever, also extends to  less o ff ic ia l m in tin g  
opera tions (Jeanjacquot 1993); the need fo r  re liable and repeatable analyses, typ ica lly  by 
fire  assay, is com m on  to  a ll o f  them . T h is  is n o t o n ly  true fo r  the deve lopm ent o f  new 
techniques, b u t also fo r  its day-to-day practica l side. A  suitable exam ple fo r  o u r purpose 
here is the in fam ous F rob isher E xp e d itio n , a lm ost to  the year contem pora ry  to  the 
activ ities at O berstocksta ll. Here, experienced assayers were inc luded  in  the small fleet 
o f  vessels repeatedly sent by Queen E lizabeth  I to  northeast Canada in  search fo r  gold. 
Based on  th e ir analyses, bo th  in  L o n d o n  and then in  Canada, considerable am ounts o f  
w orth less ro ck  were m ined and shipped back to  Eng land fo r  processing; the dispute is 
unreso lved  to  th is day w hether the unrealistica lly h igh  go ld  assays in  the in it ia l samples 
were fraudu len t o r  due to  sheer incom petence (U n g lik  2000; Beaudo in and A uger 2004). 
W h a t is im p o rta n t fo r  us here is the close re la tionsh ip  between chym istry  and m eta llurgy 
w h ich  again becomes apparent.
Assay in  general refers to  the quantita tive  de te rm ina tion  o f  the metals present in  
ores o r in  m e ta llu rg ica l products. In  practice, th is com prises a care fu lly  con tro lle d  
sequence o f  opera tions by w h ich  one can ascertain w ha t metals exist in  a g iven sample, 
and in  w h a t p ro p o rtio n s . Since early times there have been various re la tive ly sim ple and
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re liab le  assaying m ethods, such as the touchstone, used to  determ ine the fineness o f  
g o ld  in  a g iven alloy sample by ru b b in g  th is on  a dark, fine-gra ined stone and com paring  
the streak le ft to  those o f  a set o f  standards. H ow ever, the m os t re liable and versatile 
subset o f  practices is the h igh-tem pera ture  o r fire  assay. R oughly, the fire  assay consists 
o f  a sm all scale re p ro d u c tio n  o f  w ha t cou ld  be done in  a larger m eta llu rg ica l operation : 
the  samples can be roasted, concentrated, smelted, m elted, fluxed , re fin e d ...; the on ly  
pecu lia rity  is tha t here the d iffe re n t raw  m aterials and p roducts  are care fu lly  weighed at 
d iffe re n t stages in  o rde r to  w o rk  o u t the p ro p o rtio n s  am ong them  — and also, m a in ly  
since later m edieval times, the poss ib ility  o f  using be tte r fluxes and strong m inera l acids 
th a t cou ld  n o t be a ffo rded  in  the larger scale counterpart.
By record ing  the behaviour o f  the sample under con tro lle d  circum stances, the 
assayer can draw  conclusions w h ich  are re levant to  the w ho le . There fo re , an im p o rta n t 
p ractica l use o f  the assay was the assessment o f  the v ia b ility  o f  the large-scale 
e xp lo ita tio n  o f  an ore deposit, depending on  the richness and behav iou r o f  the ore as 
show n in  the analysed sample. T h is  is the app lica tion  m ost o fte n  studied in  h is to rica l 
accounts and id en tified  in  archaeological remains, w h ich  is n o t surpris ing i f  one recalls 
K rcke r’s statement tha t over tw o  hundred  assays were pe rfo rm ed  every week in  the 
m ines o f  K u ttenbe rg  alone (Sisco and Sm ith  1951: 43). T h is  app lica tion  o f  fire  assay 
becom es crucial, fo r  instance, fo r  the change fro m  the m edieval exp lo ita tio n  o f  small 
b u t r ich  ore deposits scattered w ith in  the geolog ical systems, w h ich  were then processed 
separately fo r  each m ine, to  the early m odern  exp lo ita tio n  o f  larger deposits p o o r in  
silver, where the detailed assessment o f  ore qua lity  n o t on ly  had to  guide the m in in g  
process, b u t also the price  paid  fo r  the ore w hen delivered to  a centra l sm elter fo r  
com m una l processing (cf. Bartels 1997).
T he  pro fession o f  assayer existed as such, and o fte n  the te rm  appears reserved 
fo r  specialists o f  m etallurg ical analysis w o rk in g  in  m in in g  affa irs o r co in  m ints. In  the 
P o rto  M in t  (Portugal), fo r  example, 14th- to  16th-century w ritte n  docum ents attest the 
existence o f  such specialised and d is tinc t jobs as assayers, counter-assayers, go ld  refiners 
and masters o f  the scale, amongst others (ensaiadores, contra-ensaiadores, afinadores de ouro 
and mestres da balan$a\ (Lopes et al. 2000: 59)), the same as kn o w n  in  13th-century V en ice 
(Stahl 1988; fo r  studies on  the organisation o f  h is to rica l m in ts , see M ayhew  and 
S p u ffo rd  1988). H ow eve r, assay was a m uch w id e r concept and — perhaps w ith  the 
exceptions above — the boundaries am ong small-scale pyro techno log ica l specialities 
were n o t clear-cut. In  the late 17th century, Sir John  Pettus (1685, I I :  2) notes in  his
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Eissays lixplaining the Metallick Words tha t the same person “ is co m m on ly  call’d a lch im is t 
o r  ch im is t, m elter, p rover, assayer o r extracter o f  quintessences; and such an one was 
o u r A u th o r  [= Lazarus E rcke r!]” .
T h is  is possib ly due to  the fact tha t fire  assay cou ld  be o f  use in  m any o the r 
ways. F o r instance, as no ted  before, i t  cou ld  be used fo r  de te rm in ing  the p u rity  o f  
m etals in  jewellery. In  add ition , since the nob lest pa rt o f  the sample was extracted, the 
process cou ld  also be seen as a tenta tive  m e thod  o f  p u rify in g  m a tte r and extracting  
quintessences, as seen above in  the first key to  m ake the ph ilosop he r’s stone. F ire  assay 
also o ffe red  an irre fu tab le  test fo r  the qua lity  o f  the alleged g o ld  ‘a lchem ica lly ’ produced. 
I t  was a reliable analytical to o l, usefu l even i f  on ly  used fo r  investiga ting  the 
co m p o s itio n  o f  na tu ra l m inerals fo r  the sake o f  know ledge. F ina lly , perhaps some 
asp iring  adepts cou ld  p e rfo rm  assays in  the b e lie f tha t they w ere creating — n o t jus t 
ex tracting  — gold.
There is abundant h is to rica l evidence to  p rove  tha t chym ists pe rfo rm ed  fire  
assays routine ly, even before  the use o f  these m ethods was so p ro fuse ly  attested in  
m eta llu rg ica l w orkshops. In  fact, an account o f  the w ritte n  sources re p o rtin g  the use o f  
sophisticated analytical tests may start in  the 10th century — i f  n o t before  — i f  alchem ical 
sources are considered (H a lleux 1986; Szabadvary 1992; N ew m an  2000; N ew m an  and 
P rinc ipe  2002: 35-49)4. F o r example, the 13th-century a lchem ist Paul o f  Ta ran to  
presented a detailed descrip tion  o f  the m ethod  o f  cupe lla tion  o f  s ilver w ith  the aid o f  a 
b lo w p ip e  tha t we fin d  practica lly  unchanged in  the w ritings  o f  16th-century m etallurgists:
“ Le t a very w e ll sieved c inder be taken and m ixed  w ith  w ater o f  salt; le t a vessel 
be made fro m  it, in  w h ich  s ilver o r  w hatever m etal tha t you  seek to  test in  the 
cupel be p u t on  a very v io le n t fire. W ith  the m etal fused, le t a s ix th  pa rt o f  lead 
be th ro w n  on; th is is especially done in  the case o f  silver. L e t a p ipe o f  iro n  o r 
reed be had, th rough w h ich  one can b lo w  on  the surface o f  the fused metal. The  
lead fused on  the m etal w il l be seen sm oking  due to  th is  — tha t i t  has vo la tile  
f lig h t as w e ll as the loss o f  its substance ow in g  to  its badly fixed  princip les. 
Thence  i t  is that, passing in to  smoke, i t  w il l  draw  w ith  i t  a ll tha t is im perfec t in  
the m eta l to  be purged. The purged m eta l w ith  the lead added to  i t  w il l  be 
recogn ized n o t to  be vaporized, b u t i t  w il l  seem to  be bo iling , and to  eject fro th
4 These publications include references to early chymical texts covering fire assay practices, which could 
be useful when interpreting archaeological remains.
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— as i t  were fly ing  fro th ; then let no  m ore lead be added.” (trans. N ew m an 2000: 
36).
N o t  on ly were fire  assays 
carried ou t habitually in  Renaissance 
E urope, these practices w o u ld  have 
a crucia l role in  the developm ent o f  
m odem  chem istry (Szabadvary and 
R ob inson 1980; Ihde 1984: 277;
Szabadvary 1992). Being a small 
scale test w ith  a v ita l econom ic 
repercussion in  its po ten tia l large- 
scale counterpart, the assay 
demanded m axim ised e ffo rts  in  
o rder to  ensure precis ion and 
accuracy, hence the w ide range o f  
too ls and methodologies developed 
to  th is end and shared by chymists 
and metallurgists, w h ich  w ou ld  
rem ain fundam entally unchanged 
u n til the 20th century (Halleux 1986;
Rehren 1996a; Rehren 2001) (figs.
11-16). In  addition, inherent to  the fire  assay is the need fo r  reproducib ility . 
R eproducib ility  is a key concept o f  experim entation; and here we can see the seed o f  
m odem  analytical chem istry (K n ig h t 1992; Rehren 1996a; Principe 2000; New m an
2000). Furtherm ore, the assay required and enabled the know ledge o f  chemical 
substances, the ir replacement and p rec ip ita tion  reactions under given circumstances and 
the ir reproducib le  nature. Even i f  i t  was n o t fo rm u la ted  exp lic itly , in  practice the assay 
h in ted  at the idea o f  conservation o f  mass and constant com b in ing  p roportions  (Sisco 
and S m ith  1951: xv). Th is holds true fo r bo th  m etallurgy and chym istry.
Figure 11. Selection of artefacts from the 16th- 
century laboratory excavated in Oberstockstall. 
Scalebar in the bottom-right corner represents 
approx. 15 cm.
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Figure 13. Equipment used for assaying and 
parting as represented in Andreas Libavius’ 
Alchemia  (1597, adapted after several plates).
Figure 12. Some glassware and pottery used in Compare to figs. 11 and 12.
assaying and parting, according to the assayer
Lazarus Ercker (1580, plate 20). Compare to
fig. 11 (reproduced with kind permission of
the Edgar Fahs Smith Collection, University
of Pennsylvania Library).
W hile  m ostly  concerned w ith  the practical applications o f  the ir activ ities, m inera l 
assayers approached the n o tio n  o f  ‘pure  bodies’ , the precursor o f  the m odern  pure 
elements (Halleux 1986: 281). M oreover, early m odem  m etallurg ists discovered new 
metals (zinc, cobalt, b ism uth), w h ich  w o u ld  challenge the trad itiona l chym ical 
concep tion  o f  the seven planets in te racting  w ith  the seven metals (Leicester 1956: 94). 
L ikew ise , as the experim enta tion  w ith  m inerals developed, i t  necessarily invo lved  a 
co n tra d ic tio n  o f  the A ris to te lian  v iew  o f  the m ateria l w o r ld  as u n ifo rm  m atter 
m anifested in  fo u r simple elements (H a lleux 1974; Roberts 1991: 150).
A c c o rd in g  to  the trad itiona l v iew  (e.g. Needham  1974: 20), i t  m ig h t be argued 
that chym ists and metallurgists fo llow ed  som ewhat paralle l paths, tha t some o f  the ir 
techniques and processes happened to  be s im ila r b u t they never looked  at each o th e r’s 
w o rk  — and thus n o r at each o ther’s discoveries. Can we assume tha t there was such 
litde  in teraction?  Scientists like  P h ilip  M e lanch thon  (1497-1560, as c ited  in  W igh tm an  
1962: 48) investiga ted “ the order, qualities and m otions  o f  a ll bodies and kinds o f  beings 
in  nature, and the causes o f  the generation and decay and o th e r m o tions  in  the elements
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and in  o the r bodies w h ich  arise fro m  the in te rm ing ling  o f  the elements” ; whereas 
m etallurg ists such as V annocc io  B iringucc io  (1480-ca.l538, in  Sm ith and G n u d i 1990: 
87) “ avo id  m u ltip ly ing  such considerations and disputes ( . . . )  all the m ore because m y 
in te n tio n  is on ly to  te ll you how  m inerals are found  and, once found, how  they are 
extracted fro m  the earth” . As Roberts (1991: 151) phrased it ,  “ [the m etallurgists’] 
concerns were thus d is tinc t fro m  those o f  the explanatory aims o f  the humanists” , and 
hence we m igh t conclude that b o th  fields were essentially n o t interested in  each other.
The p ic tu re  is n o t so simple, 
though. In  fact i t  becomes m ore 
com plex as cross-disciplinary research 
develops. T he  h is toriograph ic school 
o f  the ‘scholar and craftsm an thesis’ 
has advocated that the transfer o f  skills 
and knowledge am ong d iffe ren t social 
spheres played an im p o rta n t ro le in  the 
developm ent o f  the experim ental 
m ethod and the natural sciences in  
general (cf. e.g. W igh tm an 1950; W o lf  
1950; W igh tm an  1962; Rossi 1970; 
W igh tm an 1972; H a ll 1983; H enry 
1990; Pum frey et al. 1991; H a ll 1994; 
H enry 2002). F o r example, this 
happened w ith  the inco rpora tion  o f  discoveries fro m  the m ilita ry  in  o the r social arenas, 
b u t also w hen craftsm en’s techniques were adopted by scientists. Indeed, hum anist 
pedagogues such as Lu is V ives (1492-1540) already advocated the study o f  trade and 
crafts secrets (H enry 2002: 34). H ow ever, the in p u t o f  the ‘c ra ft’ m etallurgy in  the 
‘science’ chym istry has hardly been explored fro m  this usefu l perspective5. I f  one 
embarks on  th is task, soon we realise that Renaissance chym ists learned fro m  
m eta llurg ica l assayers, and vice versa, m eaning that the ‘science’ cou ld  have in fluenced the 
‘c ra ft’ as well.
5 Halleux (1986) was an early precursor o f this approach, studying the interaction between metallurgy and 
chymistry. Relevant inform ation regarding this link in the 17th century may be found in the work by 
Newm an and Principe (2002).
Figure 14. Assaying equipment from Johan 
Conrad Barchusen’s Pyrosophia (1698, plate 5). 
The basic tools remain the same as in early 
modern times (reproduced with kind permission 
of the Edgar Fahs Smith Collection, University of 
Pennsylvania Library).
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T he  16th century saw an 
expansion o f  p rin tin g  technology 
co inc id ing  w ith  many technologica l 
and sc ientific  achievements, as w e ll as 
an emphasis on  the practical 
applications o f  know ledge; this was 
accompanied by a vehem ent — o ften  
in s titu tiona lly  sponsored — hum anist 
in terest in  record ing w isdom  tha t was 
the beginn ing o f  ou r present-day 
academic eagerness to  pub lish  (D rake 
1970; Eam on 1985). As a result, a 
considerable corpus o f  literature on 
b o th  chym istry and m etallurgy 
appeared, fac ilita ting  the expansion o f  
d iffe re n t sources o f  know ledge across 
diverse disciplines. L e t us start by 
addressing the flo w  fro m  m etallurgy to  
chym istry. As Pamela L o n g  (1991;
2001) has argued, m ost lb ^ -ce n tu ry  
m eta llurg ica l treatises were aimed at 
laymen, in  order to  defend the status o f  
the m in in g  profession and encourage 
po ten tia l investors. In  this sense, they 
con tribu ted  significantly to  the “ openness o f  know ledge” . There fore , i t  is like ly  that 
Renaissance chymists read and learned fro m  m etallurgical handbooks, w h ich  were 
no rm a lly  m uch clearer than the obscure w ritings by transm utation  seekers. A ga in  the 
case o f  G eorg ius Agrico la  is illustra tive, as an established hum anist w h o  was deeply 
interested in  m in in g  and metallurgy and w rote  in  L a tin  to  ensure a w ide and learned 
audience (Hannaway 1992; Beretta 1997). M uch o f  his erudite discussion w o u ld  be m ore 
readily understandable fo r  an educated hum anist than fo r  an illite ra te  craftsman. I f  we 
bear in  m in d  tha t du ring  the Renaissance hum anism  and science cannot be separated 
(cf. e.g. B la ir and G ra fto n  1992), i t  fo llow s that A g rico la ’s observations may w e ll have 
fed sc ientific  thoughts. Indeed, his w orks are to  be found  in  the libraries o f  the m ost
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Figure 15. Assaying equipment depicted in 
William Lewis’ Course o f  practical chemistry 
(1746, plate 1). Almost two hundred years after 
Ercker’s treatise, the set of assaying tools used by 
metallurgists and chymists remains basically 
unchanged (reproduced with kind permission of 
the Edgar Fahs Smith Collection, University of 
Pennsylvania Library).
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pre-em inent chymists (Beretta 1997). S ignificantly, a book  inven to ry  conducted in  1561 
in  the lib ra ry  o f  U rban vo n  Trenbach, one o f  the patrons o f  the O berstocksta ll 
labora tory, attests the presence o f  A g rico la ’s publications am ong o ther m etallurgical and 
chym ica l w orks (pers. com m . S. vo n  Osten 2003). M oreover, a lm ost one hundred years 
later, w hen one w ou ld  expect d iffe re n t disciplines to  be m ore clearly demarcated, one 
finds George Starkey — w ho  w ou ld  become one o f  the m ost renow ned transm utational 
chym ists o f  his tim e -  spending the m oney earned as a p rac titione r o f  m edicine to  
generously pay a skilled craftsm an in  exchange fo r  the secrets o f  m etallurgy (N ewm an 
and Principe 2002: 160).
Figure 16. Top, assay laboratory showing different types of furnaces, from Ercker’s Treatise 
on ores and assaying (1580, plate 1). Bottom, Different assay furnaces from Barchusen’s 
Pyrosophia (1698), still bearing strong resemblances to the ones depicted by Ercker.
Th is  stream fro m  m etallurgy to  chym istry fostered by the socio-econom ic 
atmosphere o f  the Renaissance m ust have also occurred in  the opposite  d irection . Even 
though A g rico la  is m osdy concerned w ith  m etallurgical practices, we can in fe r fro m  his
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com m ents (H o o ve r and H o o ve r 1950: x v ii ff.) tha t he read lite ra ture  o f  a ll sorts, 
in c lu d in g  chym istry, and in  fact a friend  o f  his reports  tha t he suffered fro m  
co n ju n c tiv itis  due to  “ u n tir in g  study and insatiable reading”  (Rocke 1985: 40). H is 
concern  w ith  chrysopoeia dem onstrates tha t he was acquainted w ith  the practices o f  
o th e r people w ho  processed m inerals and metals to  pursue objectives d iffe re n t fro m  his 
ow n . I t  is rem arkable tha t his d isapprova l o f  go ld  makers d id  n o t target the un feas ib ility  
o f  th e ir  claims, b u t ra ther th e ir obscure and un -e tym o log ica l language, together w ith  the 
frauds o f  those w h o  deliberate ly tr ied  to  cheat, these “ w a rran ting  capita l pun ishm en t”  
(H o o ve r and H o o ve r 1950: xx ix). A s to  the go ld  m aking attem pts themselves, A g rico la  
appears rather unsure: “ W he the r they can do  these th ings o r n o t I cannot decide”  
(H o o ve r and H o o ve r 1950: xxv iii) . P robab ly m ore used to  p ractica l dem onstrations, he 
appears re luctant to  believe som eth ing that he cannot prove, b u t the idea its e lf does n o t 
seem alien to  his conceptual fram ew ork6. Le t us m en tion , to  fin ish , tha t the cover page 
o f  A g rico la ’s De re metallica is ornam ented w ith  a caduceus, w h ich  is related to  the 
d iv in in g  rod  and o the r po ten t rods trad itiona lly  a ttribu ted  to  the chym ists (Read 1936: 
79).
The connection  between chym istry  and m eta llurgy may go fu rther. I f  we assume 
tha t a m inera l and m etal assayer w o u ld  be fam ilia r w ith  m ost o f  the chem ical reactions 
no rm a lly  conducted in  the quest fo r  the ph ilo sop he r’s stone, and that the ir ideas 
regard ing the orig ins and behaviour o f  metals were sim ilar, then we may w onder: w hy 
w o u ld  he n o t try fo r  h im self? T he  answer is given by the figure o f  V annocc io  
B iringucc io , another renow ned 16th-century m eta llurg ica l treatise w rite r. B iringucc io  
on ly  started to  critic ise chrysopoeia a fte r the repeated fa ilure o f  his ow n  go ld -m ak ing  
attem pts (Sm ith and G n u d i 1990: 37), w h ich  stresses b o th  the c ross-fe rtilisa tion  in  
know ledge and techniques and the fact tha t chrysopoeia was n o t necessarily a strange 
quest fo r  a p rac titione r o f  m etallurgy. E ven though he is a m eta llurg ist, B iringucc io  
discusses extensively his concerns w ith  o the r practitioners o f  chrysopoeia, and adm its 
tha t “ I  have n o t re fra ined fro m  a ttem pting  to  make some experim ents m yse lf in  order 
to  understand i t  be tte r”  (Sm ith and G n u d i 1990: 37). Fu rthe rm ore , B iringucc io  on ly 
finds transm uta tion  im possib le  inso fa r as i t  w o u ld  require cond itions , such as pe rfect
6 Agricola does criticise some earlier explanations o f the nature and formation o f  metals, and questions 
the feasibility o f  transmutation. However, he does not go on to state that transmutation is impossible. 
Therefore, contrary to other authors (Lange 1965; Halleux 1974), I  do not see Agricola as unequivocally 
opposed to “alchemy” altogether. Some o f  his positive remarks regarding this discipline are mentioned 
later in this chapter. This, or course, just underlines that Renaissance chymists did not (yet) distinguish 
between ‘bad, impossible’ alchemy and ‘good, real’ chemistry in the way we do today.
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crucib les and furnaces and a very constant fire  (Sm ith  and G n u d i 1990: 41), im possib le 
fo r  a 16th-century laboratory. T h is  h igh ligh ts  a deep concern  over the deve lopm ent o f  
h igh  qua lity  equipm ent.
Just as B iringucc io  represents the m eta llu rg is t m edd ling  in  chym istry, so does 
C o u n t W o lfgang  I I  vo n  H ohen lohe  (1546-1610) em body the reverse example: aristocrat, 
chym is t and concerned w ith  the secrets o f  nature, he was how ever very fam ilia r w ith  the 
necessary skills and there fo re  cou ld  k in d ly  assay ores fo r  his friends (W eyer 1992). In  an 
opuscule on  the ph ilosop he r’s stone pub lished in  1651, John  Sawtre qu ite  clearly advises 
chym ists to  lo o k  at c ra ftsm en ’s dexterities:
“ ( . . .)  and a fte r tha t thou  hast i t  [the ‘ye^ow  body ’] w e ll purged, beat i t  m ost 
strongly, and u tte rly , and make i t  in to  th in  plates, and a fte r beat them  in to  
leaves, the th innest tha t can bee possible, as gold-beaters doe.” (Sawtre, in  A fonso  V  
K in g  o f  P ortuga l 1651: 24, m y italics)
A no the r person w h o  experienced the in tersection  between b o th  fields was 
Lazarus E rcker (ca. 1530-1594). Assayer by profession, U rcker used his repu ta tion  to  
p ro m o te  h im se lf u n til he was appo in ted by E lec to r Augustus at Dresden in  1555. 
Augustus was an enthusiast o f  b o th  m eta llurgy and chym istry  and m ainta ined a 
labora to ry  in  his resident castle (Long  1991), thus we may hypothesise tha t E rcke r had 
the chance to  see — perhaps even try  — transm uta tion  experim ents there. T h is  m ig h t be 
the reason why, w hen w r it in g  his fam ous treatise on  assaying tw o  decades later, he 
stressed that chrysopoetic issues “ have no  place in  this discussion o f  cem entation , since 
m y books w ill con ta in  n o th in g  b u t natura l and tested processes w h ich  can be relied 
upon  and raise no false hopes”  (Sisco and Sm ith  1951: 190). In  any case, E rcke r w ou ld  
again have the o p p o rtu n ity  to  w o rk  am ong chym ists w hen he was appo in ted by the 
co u rt o f  the em peror R u d o lf I I  o f  Prague, w h o  was renow ned fo r  his deep b e lie f in , and 
patronage o f, chrysopoeia. S ign ificantly, w h ile  w o rk in g  as cou rie r o f  m in in g  affairs, the 
assayer kep t his o ld  concerns w h ile  exchanging correspondence “ on  alchem ical m atters”  
(Evans 1997: 215).
F ina lly , i t  shou ld  be m entioned that n o t on ly  d id  m etallurg ists read chym ical 
books and som etim es practise chrysopoeia, b u t they also learned fro m  chym ists ’ 
experim ents. T he  use o f  d is tilla tion  fo r  m aking th e ir ow n  pa rting  acids, as described in  
the fo rem ost assaying treatises, illustrates a technique tha t had m uch  earlier been 
designed and u tilised  by chym ists (cf. Forbes 1970). Sometimes, m etallurg ists d irectly
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acknow ledge chym ists ’ achievements. A grico la  (1556), fo r  example, m entions chymistae 
as inven to rs  o f  the m ethod  o f  pa rting  go ld  and silver by n itr ic  acid. A lso  B iringucc io  
(1540) praises alchimisti as discoverers o f  techniques such as brass m aking  o r 
sub lim a tion , and as masters o f  soldering, enam elling, w o rk in g  in  n ie llo , g ild ing  and so 
fo rth . E ven  though these testim onies shou ld  n o t be taken at face value (H alleux 1986), 
th e ir  very presence illustrates once again tha t the flo w  o f  know ledge to o k  place in  b o th  
d irections. C ontra ry  to  the com m onplace o f  secondary lite ra ture , chym ists were taken as 
a serious source o f  kn o w -h o w  and practica l experience, and even chrysopoeians were 
n o t necessarily rejected as a group.
2.4. Summary
The questions o rig ina lly  posed w hen addressing the archaeological remains o f  
the Renaissance labora to ry in  O berstocksta ll have led to  several observations w h ich  may 
be o f  relevance fo r  a w id e r spectrum  o f  scholars. F irstly, th is discussion has emphasised 
the im p o rta n t ro le  o f  fire  assay in  the period  expansion o f  m in in g  and m etallurgy, as 
w e ll as in  the deve lopm ent o f  m odem  experim enta l science. Besides o ffe rin g  various 
practica l applications, the analytical observations enabled by the fire  assay w o u ld  foste r a 
new  understanding o f  the nature o f  m inerals and elements. A cco rd ing ly , th is reperto ire  
o f  techniques should be studied n o t on ly  in  the con tex t o f  the h is to ry  o f  m eta llu rgy b u t 
also w ith in  the h is to ry  o f  science in  general.
Secondly, th is chapter has show n that, especially w hen dealing w ith  fire  assay 
practices, the boundaries between chym istry  and m eta llu rgy seem very permeable. In  
some instances, b o th  dom ains are ind is tingu ishab le  — as they were fo r Renaissance 
peoples. W e cannot consider e ither side w ith o u t resorting  to  the o ther, and a h is to rica l 
appraisal o f  fire  assay w ill on ly  be com plete i f  b o th  m eta llurg ica l and chym ical sources 
are equally considered. O therw ise, we w ill be transposing anachronistic, present-day 
categories to  a biased reconstruction  o f  the past p ic tu re . T h is  revised approach provides 
a m ore  adequate basis fo r  the in te rp re ta tion  o f  archaeological remains, and vice versa.
T h ird ly , i f  we are to  em bark on  this m ore com prehensive reconstruc tion  o f  past 
assaying theories and practices, we should try  to  avo id  tra d itio n a l p resum ptions and 
con fus ing  te rm ino log ies  tha t have come in to  question. T he  inc lus ive  te rm  ‘chym is try ’ 
p rov ides a usefu l a lte rnative  fo r  the m isleading ‘a lchem y’ and ‘chem istry ’ , since o n ly  one 
in d is tin c t d isc ip line  existed u n til the end o f  the 17th century. T he  attem pts to  transm ute
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base metals in to  go ld  (‘chrysopoeia ’) o r s ilver (‘argyropoe ia ’) constitu ted  b u t one activ ity  
practised by b o th  chym ists and m etallurgists. T h is  practice d id  n o t bear any m ore o f  the 
magical, re lig ious o r psycholog ica l connota tions than usual fo r  the tim e, and conversely 
i t  d id  in vo lve  the systematic conduc tio n  o f  fire  assays. O n ly  tow ards the end o f  the 
Renaissance, the very experim ents in  the quest fo r  the ph ilosop he r’s stone w o u ld  
dem onstrate that th is was an im possib le  task, thereby paving the way fo r  the fu tu re  
segregation between m odem  chem ists and outdated A ris to te lia n  alchemists.
The transposition  o f  present-day categories in  the reconstruc tion  o f  the past is 
an om nipresent risk  in  h is to rica l sciences. T he  vast m a jo rity  o f  studies on  m etallurgy, 
‘a lchem y’ and ‘chem istry ’ fo r  the pe riod  concerned su ffe r fro m  the hindrances po in ted  
o u t above. I t  appears to  the au tho r tha t the strategy to  overcom e them  is tw o fo ld : on  
the one hand, the boundaries am ong present-day d isciplines m ust be crossed and the 
prob lem s tackled fro m  a m ore  ho lis tic  perspective; on  the o the r hand, regardless o f  the 
subject to  be investigated, a con textua l approach is advisable, since no  aspect o f  h is to ry  
can be separated fro m  its circum stance. In  th is way, the resu lting  image o f  the past w ill 
be m ore  com prehensive and hope fu lly  m ore accurate.
Th is  docto ra l thesis shall n o t constitu te  the d e fin itive  study o f  the m ateria l 
rem ains recovered in  O berstocksta ll, as surely others w ill com e to  com ple te  and correct 
i t  in  various ways. H ow ever, th is approach has a llow ed a clearer d e fin itio n  o f  some 
im p o rta n t issues as they regard fire  assay and, by co m b in in g  sc ien tific  analysis w ith  a 
rev iew  o f  literary sources, trad itiona l biases are being avoided. I t  is hoped tha t any o the r 
approach to  this assemblage shall be placed in  the m ethodo log ica l, epistem olog ica l and 
h is to rica l fram ew ork here defined. The  au tho r eagerly expects tha t such an approach 
w il l  con tribu te  to  ou r understand ing o f  Renaissance chym ica l practice as m uch as its 
unde rly ing  theory, and also tha t i t  w il l encourage m ore h is to rica l, archaeological and 
sc ien tific  research along this line.
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3. Towards a scientific archaeology of alchemy and 
chemistry_____________________________________
“All hope fo r  the good and often it turns out well. No one 
truly with an abject and timid soul ever did anything or 
indeed ever will do anything.”
Georgius Agricola (1 4 9 4 - 1 5 5 5 )
3.1. Introduction
In  the last decades, con tribu tion s  fro m  com plem enta ry backgrounds have 
enhanced o u r know ledge o f  the h is to ry  o f  alchemy and chem istry. W ha t once was 
largely the pastime o f  erud ite  pro fessiona l chem ists has increasingly become the pursu it 
o f  social historians, h istorians o f  ideas, ph ilosophers, h istorians o f  science, technologists 
o r  fu ll- t im e  historians o f  alchemy and chem istry. In  the previous chapters, the poss ib ility  
was suggested o f  adding yet another pro fessiona l to  th is list: the archaeologist. The 
inc lus ion  o f  archaeology in  the p ic tu re  already p ro m p te d  a new  focus and led to  several 
observations that are re levant fo r  the entire  d isc ip line  and had, however, been largely 
overlooked . In  th is chapter, the po ten tia l o f  using archaeological materials and 
approaches to  study the h is to ry  o f  alchemy and chem istry w il l  be exp lored in  m ore 
detail, w ith  a special emphasis on  the pe riod  and issues concerned here, i.e. Renaissance 
chym istry . A fte r  o u tlin in g  and discussing some prob lem s entailed by trad itiona l 
approaches, i t  w il l be argued how  archaeology cou ld  help overcom e them. The rest o f  
th is  thesis is presented as a firs t step towards a practica l dem onstra tion .
3.2. Traditional approaches, traditional problems
T he  m a in  source o f  in fo rm a tio n  fo r  the h is to ry  o f  alchem y and chem istry  is a 
re la tive ly  large corpus o f  treatises, correspondence and o the r w ritings , w h ich  keeps 
g ro w in g  as a resu lt o f  discoveries in  libraries and archives. T h e ir exp lo ita tio n  has p roven  
very f ru it fu l and, unden iab ly, many studies exclusively based o n  these sources s till
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rem ain as classic. H ow ever, a rev iew  o f  the m ain  w orks  in  th is  fie ld  allows us to  id e n tify  
several lim ita tions .
A  typ ica l bias o f  text-based studies is the stress on  theore tica l debates tha t tend 
to  ignore  the practica l side o f  the d iscipline. T o  name b u t tw o  examples, science 
h is torians have o ften  focussed on  top ics such as the ro le  o f  m agic and re lig ion  in  the 
deve lopm ent o f  m odern  science (e.g. B u rtt 1932; T h o rn d ike  1923;Rabb 1965; Rabb 
1966; Debus 1978; V icke rs  1984; H en ry  1990; 2002; W ebster 1996), o r the dispute 
betw een Paracelsians and A ris to te lians (e.g. Pagel 1958; D ebus 1965; 1978; 1991; R oper 
1985; W ebster 1996; G re ll 1998). Research on  such issues prov ides r ich  ins igh t in to  the 
cu ltu ra l atm osphere o f  the tim e and the w id e r engagement o f  the chym ica l endeavour. 
Nevertheless, o ften  th is  emphasis on  the theore tica l side fails to  no tice  tha t chym istry  
was, above all, an applied science. D esp ite  the abstract appearance o f  m any w ritings  and 
th e ir broad social and cu ltu ra l im p lica tions, Renaissance chym ists ’ thoughts m osdy 
orig inated fro m  labora to ry  activ ities, and always bore in  m in d  the practica l applications 
o f  the ir knowledge. Thus, o u r studies should start by investiga ting  these laboratories, 
in c lu d in g  the reactions and observations carried out, w h ich  were the real seeds o f  the 
chym ists ’ discourses.
In  add ition , h is to rica l studies o ften  concentrate on  the b iographies o f  m ain 
figures that are recorded in  the h is to rica l deve lopm ent o f  chem istry, and use them  as a 
ch rono log ica l backbone (e.g. H o lm ya rd  1928; P arting ton  1960; 1962; Farber 1961; 
Hannaway 1975; D ebus 1991; Levere 1994). In  th is sense, they have made “ an 
increasingly austere d isc ip line  m ore hum an, p ro v id in g  ro le  m odels and show ing  how  
progress in  chem istry was usually d ialectical ra ther than s tra igh t-line”  (K n ig h t 1992: 3). 
H ow ever, at the same tim e, m any com m on  chym ists w h o  m ig h t represent the actual 
state o f  affa irs o f  the tim e are overlooked, just because they were n o t ou tstand ing o r 
because the ir w ritings, i f  existed, have n o t survived. As in  o the r d isciplines, th is has 
resulted in  a h is to ry  o f  chem istry characterised by a sequence o f  achievements, m ore  o r 
less separated chrono log ica lly , tha t overlooks the day-to-day, repetitive , tria l-and -e rro r 
nature o f  sc ien tific  developm ent.
A  fu rth e r, subsidiary, source o f  in fo rm a tio n  has been the corpus o f  dep ictions 
representing transm uta tion  laboratories and symbols, chym ica l ins trum en ta tio n  o r 
related scenes (e.g. extensive use in  Ferch l and Siissenguth 1939; Read 1947; H o lm ya rd  
1968; D e  Rola 1988). T he  value o f  th is source m ateria l is lim ite d  too , thus i t  shou ld  be 
used w ith  caution. Illu s tra tions  in  treatises may w e ll be la ter add itions to  m uch  o lde r
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m anuscripts (Anderson 1985: 219), they may be expressions o f  a m etaphorica l language 
o r respond to  specific cu ltu ra l trends (O b ris t 2003). T he  m a jo r a im  o f  the Renaissance 
painters w h o  depicted chym ists was to  fu lf i l  custom ers’ expectations, n o t to  represent o r 
docum ent reality. Indeed, an art h is to ry  approach to  these pa intings reveals tha t the ir 
nature tended to  be p rim a rily  a llegorical and didactic. Th is , am ong o the r drawbacks (cf. 
H i l l  1975; P rinc ipe and D e  W it t  2002), challenges the re liab ility  o f  such illus tra tions fo r  
h is to rica l reconstructions and stresses the need fo r  com plem entary approaches.
3.3. Instruments, experiments and laboratories
The sc ien tific  ins trum en t materialises the lin k  between theory and experience. 
T h is  crucial ro le  o f  the ins trum en t in  the fu n c tio n in g  and deve lopm ent o f  m odem  
science has been no ticed  fo r  several decades. A s emphasised by A braham  W o lf  (1950:
9),
“ O ne o f  the c h ie f characteristics o f  m odem  science consists in  its use o f  
sc ientific  instrum ents. The  fu n c tio n  o f  such instrum ents is various. They may 
enable the observer to  observe m uch be tte r w ha t he can already observe w ith  his 
unaided senses, though n o t so well. They may enable h im  to  perceive som eth ing 
that w o u ld  otherw ise be entire ly im perceptib le . They facilita te  the precise 
measurement o f  phenom ena. O r  they may make i t  possible to  study a 
phenom enon under cond itions  so con tro lled  as to  jus tify  reliable conclusions 
about i t  ( . ..) . M oreover, the measurement and the quantita tive  co rre la tion  o f  
phenom ena play so im p o rta n t a ro le  in  m odem  science tha t one can hardly 
im agine the very existence o f  m odem  science w ith o u t the aid o f  above- 
m entioned and sim ilar sc ien tific  instrum ents.”
W h a t we may consider as an ins trum en t ranges fro m  a m agn ify ing  glass to  a 
sophisticated transm itted  e lectron m icroscope, fro m  a flask to  a vacuum  cham ber — i t  is 
its ‘in s trum en ta l use’ tha t characterises an instrum ent. C learly, science cannot fu n c tio n  
w ith o u t ins trum ents, and observations such as W o lfs  are som ew hat acknow ledged o r 
repeated in  m any studies on  the h is to ry  o f  science in  general, and chym istry  in  particu la r 
(C h ild  1940; van  H e lden  1983; Anderson 1985; T ay lo r 1986; A nderson  2000; P rinc ipe 
2000). Some have broadened the scope to  elaborate on  the emergence and deve lopm ent 
o f  laboratories as the essential workplaces where science was created. In  th is ve in , the
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w o rk  by O w en  Hannaway (1986) is rem arkable, as he traced the Renaissance orig ins o f  
the laboratorium as firs t related exclusively to  chym istry, and showed how  this enabled the 
v ita l step fro m  possessing scientia to  do ing  science.
The  p rob lem  is tha t th is k in d  o f  statements tend to  appear jus t as ‘cautionary 
tales’: a fter stressing the im p o rta n t ro le  o f  the ins trum en t and the labora tory, the 
h is to rian  goes on  to  te ll the h is to ry  o f  the d iscip line  as a succession o f  ind iv idua ls  and 
c o n flic tin g  theories. Some scholars have attem pted alternative approaches such as 
w r it in g  a h is to ry  o f  the labora to ry o r its equ ipm ent (e.g. fo r  chem istry, H o lm ya rd  1956; 
N eedham  1974; N eedham  1980; K ra tz  1982), o r even encouraging and docum enting  the 
preservation o f  o ld  chem ical instrum ents (Anderson 1985; S tock 1986). A lth o u g h  
in teresting  perspectives, these again dissociate labora to ry fro m  science: on  the one hand, 
w e have the h is to ry  o f  the labora to ry; on the o the r hand, the h is to ry  o f  science. M ore  
recently, an a ttem pt has been made to  rec tify  this im balance between theory and 
practice in  the h is to riog raphy o f  chem istry, under the e loquent title  Instruments and 
experimentation in the history of chemistry (H olm es and Levere 2000). The  con tribu tion s  to  
th is vo lum e are com m endable in  tha t they contextualise instrum ents and experim ents 
w ith in  the ir w ide r h is to rica l contexts, and expla in the ir respons ib ility  in  certain 
discoveries and sc ien tific  developments.
There is, how ever, m uch m ore po ten tia l fo r  these studies. F o r example, they 
shou ld  pay m ore a tten tion  to  the active ro le  o f  instrum ents and experim ents. As show n 
by Y akob  R abkin (1993: 28),
“ sc ientific  instrum ents, even w hen these are produced at the express request o f  
scientists and in  accordance w ith  the ir specifications, do  n o t rem ain passive tools 
in  the hands o f  the active researcher. Physics o ffe r  abundant examples o f  how  a 
new measuring device can ‘boos t’ a fie ld  o f  research” .
Instrum ents n o t on ly enable the so lu tion  o f  prob lem s as required and designed 
by researchers: they also discover, o ften  unexpectedly, new  so lu tions — o r at least new 
prob lem s — tha t are the seeds o f  sc ientific  progress. I t  suffices to  rem em ber here how  
m odem  chem istry  emerged as an o ffsp ring  o f  the instrum ents and experim ents used fo r  
transm uta tion , co in  m in tin g  o r m etallurg ical analysis. A s  i t  w il l  be shown, there are also 
m ore  ‘subtle ’ ways in  w h ich , in  a w ide r sense, artefacts play a centra l ro le  in  society.
Y e t there are m ore  lines to  develop fro m  the focus on  the labora to ry , b u t they 
w il l  require  adequate theore tica l too ls and research strategies. In  the au th o r’s v iew , these
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can be learned fro m  tw o  com plem entary fields: archaeological and an th ropo log ica l 
studies o f  m ateria l cu ltu re , and socioh istorica l studies o f  technology.
3.4. From inspiration to information: the contribution of (scientific) 
archaeology
By focussing on  m ateria l remains, archaeology opens a w in d o w  to  the m ain  and 
p redom inandy overlooked  side o f  chym istry: its practice. T h is  m ay a llow  us to  ve rify  the 
actual instrum ents used and processes conducted in  the labora to ry, and even to  assess 
th e ir relative success. T he  po ten tia l o f  archaeological in fo rm a tio n  is, in  th is sense, on ly  
com parable to  tha t o f  the few  labora to ry  notebooks preserved (cf. W eyer 1992; 
N ew m an  and P rinc ipe  2002).
Besides, a m ore tho rough  know ledge o f  the chym ists’ particu la r operations may 
be the clue to  understand the ir theoretica l discussions, as the la tte r are like ly  to  be 
roo ted  in  the fo rm er. T h is  is particu la rly  p rom is ing  in  w hat regards the allegorical texts 
w ritte n  by transm uta tion  seekers. The  m ateria l remains o f  chym ica l activities, i f  
adequately analysed, may appear a great deal m ore exp lic it, ob jective  and unveiled than 
the w ritings  o f  the people w h o  generated them . I f  the traces o f  use are iden tified , then 
we have a lim ite d  num ber o f  op tions as to  the materials processed. The deciphering o f  
chym ica l texts and emblem s should becom e easier fro m  th is starting  po in t.
N o t on ly  may archaeological evidence help understand the in fo rm a tio n  g iven in  
trad itiona l sources, b u t also i t  may correct o r  com plete th is before  i t  is con fidendy 
accepted by historians. F o r example, archaeological remains cou ld  c o n firm  w he ther a 
piece o f  equ ipm ent depicted in  the engraving o f  a 13th-century copy o f  a 4th-century 
m anuscrip t d id  exist in  the 4th century or, conversely, w he ther an apparatus depicted in  a 
17th-century genre pa in ting  appears there as an aesthetic conven tion  copied fro m  earlier 
painters, even i f  no  longer in  use. I f  we lo o k  at the sim ilarities between the furnaces 
show n in  figure  16 (p. 56), we may w onder: was furnace design so conservative fo r  tw o  
hundred  years, o r  is th is sim ply the result o f  one au tho r copy ing  fro m  another? 
A rchaeo logy may have the answer to  this.
Paradoxally, another aspect o f  the archaeology o f  chym istry  tha t may tu rn  o u t to  
be advantageous is the arb itra ry pattern o f  preservation and d iscovery o f  the 
archaeological record. O ne  o f  the chymists w o rk in g  in  O berstocksta ll, fo r  example, was 
an econom ica lly  ra the r m odest, h ith e rto  unknow n  priest, w h o  le ft a huge debt w ith  the
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loca l apothecary w hen he d ied7. The  p ic tu re  o f  everyday early m odem  chym istry as 
obta ined fro m  his labora to ry  equ ipm ent w ill p robab ly  be a m ore  realistic representation 
o f  his tim e than tha t g iven by an exceptional Paracelsus. Cases such as th is may help 
redress the aggrandisement o f  some particu la r figures in  the h is to riography, and we 
shou ld  n o t fo rge t tha t, as stated by K n ig h t (1992: 7), “ science a fte r all is n o t just a 
m a tte r o f  geniuses in  garrets” . A rchaeo logy does n o t focus on  the w o rk  o f  those authors 
o f  outstand ing discoveries, n o r on  those w h o  w ro te  m ore  books o r whose w ritings  have 
been pre ferentia lly  preserved — o r discovered. Instead, i t  a llows a closer lo o k  in to  a 
single fo rtu itous  case study, p lac ing i t  in to  a w id e r context. A cco rd ing ly , we may id e n tify  
in d iv id u a l choices and varia tions o f  the ‘canon’ recorded in  books, together w ith  v ir tu a l 
tria ls and failures. The  incom pleteness o f  the archaeological record  is o f  a d iffe re n t 
nature fro m  the incom pleteness o f  w ritte n  and iconograph ic  sources. Consequently, 
diverse approaches can help f i l l  the gaps le ft by each o the r and the p icture  o f  past 
chym istry may appear broader and richer.
A n o th e r bene fit o f  an archaeological approach to  chym istry  is tha t archaeology 
ignores a priori the d is tinc tions  between m eta llurgy and chym istry, and hence researchers 
necessarily becom e aware o f  the ir in tersection. The  archaeologist focuses on  chem ical 
processes and utensils placed in  an archaeological context, regardless o f  the ir ascrip tion. 
Research concentrates on  the analysis o f  the artefacts and debris, the in te rp re ta tio n  o f  
w h ich  requires a broader and m ore  flex ib le  reference fram ew ork, and obliges a lo o k  at 
a ll possible sources. A rchaeo log ica l and w ritte n  sources he lp in te rp re t each o ther, and 
on ly  once we kn o w  w ha t the artisan was do ing  can we relate the ir ac tiv ity  to  the 
d irections g iven in  specific  treatises. Consequently, at th is stage we may have a m ore 
consistent founda tion  to  deduce, fo r  example, w he the r a g iven artisan was m ore 
concerned w ith  applied m eta llurgy o r pure chym istry. O nce the archaeology o f  
chym is try  is m ore established, we m ig h t be able to  ve rify  the im portance  o f  d iffe re n t 
schools and trends, according to  the relative evidence o f  chym ists p e rfo rm in g  and 
pe rfec ting  specific  reactions, some o f  w h ich  may have been p rom o ted  by particu la r 
w riters.
A lth o u g h  m any m etallurg ical processes invo lve  chem ical transfo rm ations o f  
m a tte r and are as such w o rth  studying fro m  the chym istry  h is to ry  (and archaeology) 
v ie w p o in t, research o n  fire  assay remains is considered pa rticu la rly  relevant. As
7 Christoph von Trenbach left debts amounting to 22.000 fl., 4.000 o f  which were owed to the apothecary 
Wolfgang Kappler o f  Krem s (cf. von Osten 1998: 92).
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expla ined above, we can expect any particu la r assayer to  have m axim ised resources and 
e ffo rts  in  o rder to  investigate the nature o f  the materials invo lved , test the ir properties, 
experim ent, measure the results and eventually replicate processes. A cco rd ing ly , i t  is 
like ly  tha t m any o f  the feats o f  the analytical chem istry o f  the tim e  were achieved in  this 
pa rticu la r fie ld. T h is , together w ith  the ro le  o f  fire  assay at the in terface between 
m eta llurgy and chym istry , make the study o f  th is type o f  laboratories especially 
p rom is ing.
F inally, archaeology carries a theore tica l background and a range o f  analytical 
m odels tha t cou ld  facilita te  o u r reconstruc tion  and in te rp re ta tio n  o f  past alchem y and 
chem istry. In  the next section, some p ioneer studies o f  archaeological remains related to  
alchemy and chem istry  w il l  be ou tlined . Subsequently, a ten ta tive  m ode l shall be 
proposed, aimed at the in teg ra tion  o f  archaeological and socioh is to rica l approaches to  
th is fie ld  o f  study.
3.5. Background to the archaeology of alchemy and chemistry
A s far as I  am aware, the firs t au tho r w h o  encouraged the study o f  rem ains o f  
past chem ica l experim ents was B e rthe lo t ([1905] 1968), just one century ago. M ore  
recently, M oorhouse (1972) pub lished a g roundbreak ing  artic le  in  w h ich , together w ith  
some co llabora to rs, he com p iled  fo r  the firs t tim e  several co llections o f  B ritish  m edieval 
glass and po tte ry  d is tillin g  equipm ent. T h is  landm ark p u b lica tio n  discussed technical 
aspects o f  the process, reported  find ings and p rov ided  the firs t analytical results on 
archaeological remains related to  chym istry , in  the hope tha t th is w o u ld  stim ulate fu rthe r 
research in  the fie ld. A lso  no tew o rthy  are P itt io n i’s (1975; 1978; 1985) nove l studies o f  
fire  assay remains.
D is tilla t io n  — and, to  a lesser extent, sub lim a tion  — has been the chem ical 
process addressed on  m ore occasions, o ften  w ith  extensive reference to  archaeological 
rem ains (M oorhouse  1972; Forbes 1970; N eedham  1974; 1980; A nderson  1985; Rouaze 
1989; T hom as 1992; Soukup and M ayer 1997; v o n  O sten 1998; K am ber et al. 1998; 
W eyer 1998; A nde rson  2000), w h ich  is understandable inso fa r as some o f  the utensils 
used fo r  these operations have very d iagnostic shapes, and are thus m ore  readily 
id e n tifie d  in  archaeological contexts. A m o n g  these studies, Thom as’ (1992) co m p ila tion  
o f  archaeological rem ains o f  a l/chem ica l equ ipm ent m ay be h igh ligh ted , as valuable 
g ro u n d w o rk  tha t shou ld  n o w  be com pleted w ith  the necessary con textua lisa tion  and
67
Marcos Martinbn-Torres 3. Towards an archaeology of alchemy and chemistry
analytical study. H ow ever, w ith  a few  remarkable exceptions (M oorhouse 1972; Rouaze 
1989; Soukup and M ayer 1997; K am ber et al. 1998), scholars have n o t undertaken 
deta iled sc ien tific  analyses o f  these early pieces o f  equipm ent. T h is  may be related to  the 
inexistence o f  a tra d itio n  o f  studies in  th is fie ld  and the lack o f  clear research questions. 
A s  a result, these pub lica tions no rm a lly  show  the archaeological finds m erely as 
illus tra tions  o f  w ha t appeared in  the w ritte n  o r iconograph ic  sources o f  the tim e, b u t 
add ing litde  extra in fo rm a tio n .
In  2000, R obert A nderson  published an artic le expressively entided “ The 
archaeology o f  chem istry” . A s a chem istry h is to rian , A nderson  started to  realise the 
in fo rm a tive  po ten tia l o f  the m ateria l cu ltu re  o f  early laboratories. H is  argum ent came to  
com ple te  the observations by T h ilo  Rehren (1996a; 2001; 2002a; Rehren and Eckste in
2002) w ho, fro m  the experience o f  a sc ien tific  archaeologist, also no ticed  that 
archaeological rem ains cou ld  p rov ide  details o f  early chem ical processes and help c larify  
the re la tionsh ip  between alchemy, chem istry and m etallurgy. N e ith e r o f  these scholars 
w en t on  to  define a research strategy to  th is end, and b o th  o f  them  were slightly 
suffused w ith  the trad itiona l assum ptions attached to  ‘a lchem y’ and questioned above 
(bu t see M artinon -T o rres  and Rehren 2003; 2004a). Nonetheless, th e ir p ioneer w o rk  is 
a m a jo r insp ira tion  underly ing  th is thesis, and i t  also p rom p ted  the au tho r to  try  to  
increase archaeologists’ awareness o f  the im portance o f  chym istry  remains, the ir 
recovery and id e n tifica tio n  (M artinon -T o rres  2003).
A lso  re levant to  th is study is the increasing num ber o f  pub lished analyses o f  
archaeological rem ains o f  fire  assays and re fin in g  in  general (e.g. E luere et al. 1989; 
Bay ley and Barclay 1990; Bayley et al. 1991; Bayley 1991a; 1991b; 1992; Eckste in  et al. 
1994; Sperl 1996; Rehren 1996a; 1998; 2001; Bayley and Eckste in  1997; K am ber et al. 
1998; Schifer 1998; Rehren and K raus 1999; U n g lik  2000; Ramage and C raddock 2000; 
Rehren and Eckste in  2002). These habitua lly concentrate on  the id en tifica tio n  o f  
m eta llu rg ica l debris fro m  a g iven site, b u t pay litt le  considera tion  to  the w ide r social 
im p lica tions  o f  the facts iden tified  — hence ove rlook ing  m ost p rim ary  and secondary 
lite ra tu re  on  chym istry. H ow ever, they have s ign ifican tly  helped understand how  the 
processes o f  assaying and re fin ing  nob le  metals were actually carried o u t since Rom an 
times, and started to  characterise the set o f  too ls and raw  materials u tilised. C rucia lly , 
these studies have evidenced the po ten tia l o f, and need fo r, fu rth e r research in  th is area, 
and the necessity o f  a m ore  com prehensive and systematic approach.
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3.6. How to proceed? Theoretical and epistemological framework
There appears to  be a m yriad  o f  ways in  w h ich  archaeology, b o th  as insp ira tion  
and as in fo rm a tio n , may help overcom e trad itiona l h is to riog raph ic  prob lem s. H ow ever, 
n o tw iths tan d ing  the advances in  th is d irec tion  noted above, these con tribu tion s  appear 
as fragm entary pieces in  a vast puzzle; the various approaches lack coherent in teg ra tion  
w ith in  a research program m e. In  m y v iew , th is am algam ation w il l  require sharing 
analytical categories and theore tica l models.
The fo rg o in g  rev iew  o f  the cu rren t state o f  a ffa irs has already revealed some 
gaps le ft by previous research, and suggested strategies to  f i l l  them . N am ely, the 
craftsman and scholar thesis has p roved  a usefu l n o tion , especially w hen we take in to  
account n o t on ly  the flo w  fro m  techno logy to  science, b u t also the opposite  d irection . 
F ro m  this s tandpo in t, chymistry has been defined as an entire ty that includes b o th  
‘alchem y’ and ‘chem istry ’ ; its close re la tionsh ip  w ith  m etallurgy has been c larified , and 
assumptions trad itiona lly  attached to  chrysopoeia o r transm uta tion  have been contested.
Furtherm ore , some concepts fro m  anthropological and archaeological studies oj material 
culture may be useful in  th is fie ld. I expect th is thesis to  be placed in  the general 
fram ew ork  o f  chaine operatoire studies (see M a rtinon -T o rres  2002 and references therein). 
H ow ever, reconstructing  fu ll techno log ica l sequences, fro m  the p ro v is io n  o f  raw 
materials to  the end depos ition  o f  discarded artefacts, is n o t the m a jo r aim  o f  th is thesis. 
Rather, w hen lo o k in g  at fire  assay practices, th is w o rk  shall be considering assay as a 
sequence tha t d irectly  engages materials, too ls, energy, techniques, ideas and gestures. Th is  
is w hat makes the ideal concept o f  the chaine operatoire d iffe re n t fro m  a bare technical 
chain o r succession o f  actions. T h in k in g  in  term s o f  the chatne operatoire invo lves g iv ing  
equal consideration to  a ll the factors invo lved : n o t on ly  w ha t the agent wants to  achieve, 
b u t also the materials u tilised and th e ir in te raction , technical know ledge and skills. M ore  
im p o rta n tly , as argued elsewhere (M artinon -T o rres  2002), th is chaine is n o t on ly  ‘ long ’ — 
as a sequence o f  stages —, b u t i t  is also ‘w ide ’, as i t  incorpora tes issues such as agency, 
in n o va tio n , re la tiv ism  and cu ltu ra l im p lica tions, thus p lac ing past technologies in  the ir 
w id e r contexts (fig. 17). B rie fly , this means tha t a ll the elements integrated in  the chaine 
are co n d itio n e d  by the ir circumstances.
A  hypo the tic  example may illustra te  some o f  these concepts: we cou ld  consider 
a g iven chym is t as an agent — u ltim ate ly, he is the one tha t undertakes to  p roduce aqua 
fortis (n itr ic  acid) by  d is tillin g  a m ix tu re  o f  v it r io l (iron  sulphate), saltpetre (sodium
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n itra te) and water. Possibly, he wants to  do i t  because he has read an a llegorical recipe 
that, fo r  some con tingen t reasons, ended up in  his lib ra ry , and he deciphered the 
d is tilla tio n  process in  tha t pa rticu la r way. O n  the w ho le , he believes, th is is one step in  
the p ro d u c tio n  o f  the ph ilosop her’s stone, tha t en igm atic substance fancied by m any 
peop le  — inc lud ing  h im self. H e  needs an a lem bic and, perhaps, he w il l  n o t use the one 
m ost resistant to  fire , b u t s im ply the on ly  one tha t his loca l glassmaker cou ld  ob ta in  fo r 
h im  in  the reg ional m arket. In  the end, th is apparatus w il l  a llow  the p ro d u c tio n  o f  a 
strong  acid; indeed, the saltpetre tha t he bough t w h ile  peregrina ting  to  Santiago de 
C om poste la  was very pure and has yielded excellent aqua fortis. T he  chym ist w il l  n o t 
achieve m eta llic  transm uta tion  bu t, in  tu rn , he w il l  f in d  o u t tha t th is acid is usefu l fo r  
separating go ld  fro m  silver. D isappo in ted , he w ill abandon chrysopoeia, b u t soon he w ill 
f in d  a job  as an assayer at a nearby m in t recently set up by the em peror. In  the fu ture , a 
Venetian itine ran t glassmaker w ill o ffe r  h im  a m uch better, new ly designed, s till head. 
D o u b tfu l, he w ill decline the o ffe r: the one tha t he has, works.
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Figure 17. Diagrammatic representation of the ‘ length’ and the ‘w idth’ of the chatne 
operatoire (from Martin6n-Torres 2002; modified and completed after Sillar and Tite  
2000: 6, fig. 1; Grace, n.d.).
A d m itte d ly , th is story forces too  m any eventualities in  one single anecdote. 
Nonetheless, i t  does n o t lack ve ros im ility  and, in  it, we fin d  some o f  the elements that 
appear inex tricab ly  lin ked  in  the chaine. Just as m uch as the in d iv id u a l and his kn o w -h o w ,
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raw materials and instrum ents are fundam ental. M ateria ls n o t on ly  enable planned 
processes — in  th is case, a step towards the ph ilosophe r’s stone — b u t also a ffect the 
course o f  actions and th e ir outcom es — fo r  example, to  d iscover aqua fortis as a pa rting  
acid and, u ltim ate ly, to  change the life -h is to ry  o f  the chym ist. O vera ll, social, econom ic, 
cu ltu ra l and o the r factors, fo rm  a particu la r con tex t tha t affects — and is a ffected by — 
those elements co n s titu tin g  the chaine. T h is  story develops in  a certa in way because the 
em peror set up  a m in t fo r  particu la r reasons, and the itine ran t glassmaker o ffe rs  s till 
heads because they are dem anded at th is specific  tim e. W e cou ld  even discuss w hy  the 
glassmaker is Venetian. Innum erab le  contingencies are in te rtw ined . I t  is va lid  to  
deconstruct th is chaine and focus on  an in d iv id u a l aspect such as the m anufacture o f  
alembics o r the fineness o f  Spanish saltpetre. H ow ever, ideally, any study should be 
integrated w ith in  th is analytical fram ew ork, and in te rp re ted  in  its context.
A n o th e r crucia l concept exem plified  by th is story is tha t o f  technological choice 
(Shanks and T ille y  1987; S ch iffe r and Skibo 1987; van der Leeuw  1993; Lem onn ie r 
1993; S ch iffe r and Skibo 1997; S illar and Fite 2000; S ch iffe r et al. 2001; Skibo and 
S ch iffe r 2001)8. D esp ite  the apparent practica l o rien ta tion  o f  technology and science, 
there are a lternative ways o f  achieving s im ila r results and i t  shou ld  n o t be assumed tha t 
the easiest, o r the econom ica lly  m ost p ro fitab le , is the one always chosen. T h is  applies 
to  the m anufacturers as m uch as to  the users o f  any item . Techno log ica l choices are 
made at every stage o f  any g iven chaine operatoire, and many factors may be co n d itio n in g  
them , fro m  ava ilab ility  and know ledge to  cu ltu ra l and re lig ious values. In  the story 
above, fo r  instance, custom  is the m ain fac to r leading the chym ist to  keep his o ld  
a lem bic and refuse the new  one. Several scholars have studied techno log ica l choices 
w ith in  d iffe re n t spheres o f  activ ity , fro m  traps, weapons, house enclosures and clothes 
(Lem onn ie r 1986), th rough  irr ig a tio n  settlements (P faffenberger 1988) and up to  po tte ry  
p ro d u c tio n  (e.g. van der Leeuw  1984; 1993; Cobas Fernandez and P rie to  M artinez 1998; 
P rie to  M artinez  1999; L iv ingstone  Sm ith  2000; P oo l 2000; S illar 2000a; T ite  et al. 2001; 
T ite  and K ilik o g lo u  2002) o r lith ic  technology (e.g. Perles 1987; Sellet 1993; E dm onds 
1995; G race n.d.).
S illa r and T ite  (2000) have persuasively argued the “ challenge”  tha t th is n o tio n  
poses fo r  m ateria ls science approaches to  past technologies. A s fa r as possible, and
8 Although Michael Schiffer and co-workers prefer the terms ‘behavioral chain’ and ‘technical choice’, 
sligthly different in their connotations from 1 chaine operatoire’ and ‘technological choice’, both perspectives 
are treated here inclusively, as a theoretical approach concerned with the study and interpretation o f  
archaeological material culture and technology within society.
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no tw iths tan d ing  the lack o f  a standard m ethod  to  do  th is (cf. R oux 2001), th is thesis 
shall strive to  face the challenge, id e n tify  choices and explore the reasons beh ind  them . 
In  so do ing, i t  w il l be crucia l to  bear in  m in d  three d iffe re n t analytical categories (cf. 
S ch iffe r and Skibo 1997; S illar and T ite  2000; Skibo and S ch iffe r 2001; S illar 2003; 
S ch iffe r 2003): fo rm a l properties, m ateria l p roperties and perfo rm ance characteristics, all 
three in te rtw ined  w ith  techno log ica l choices. D ra w in g  again fro m  the hypothe tica l 
exam ple above, we m ay start o u r study by characterising the shape and thickness o f  the 
s till head — i.e. some o f  its fo rm a l properties. These and o the r measurements w il l  in fo rm  
us about the m ateria l properties o f  the ins trum ent, such as capacity, therm al 
refractoriness o r resistance to  corros ion. W e w il l  then need to  investigate the specific 
cond itions  o f  use o f  the s till head in  o rder to  assess its perform ance, and to  f in d  ou t 
w h ich  specific fo rm a l and m ateria l p roperties were really at stake. F o r instance, i f  the 
s till head was used fo r  d is tillin g  w hisky, co rros ion  resistance w o u ld  n o t be as im p o rta n t 
a fac to r as i f  the p ro d u c t is n itr ic  acid. F ina lly, i t  w il l be necessary to  com pare this 
ins trum en t to  o the r artefacts in  and outside th is laboratory, and to  explore the w ide r 
con text, in  order to  exp lore to  w ha t extent the chym ist was aware o f  (o r concerned 
w ith ) these d iffe re n t properties, and to  d iscern the possible reasons beh ind choices in  
the m anufacture, acqu is ition  and use o f  the instrum ents. The  intricacies o f  these 
concepts, as w e ll as the lim ita tions  o f  ‘m u ltipu rpose  explanatory too ls ’ such as fu n c tio n  
vs. style, w il l  becom e clearer in  the presentation and discussion o f  the analytical data.
In teresting ly, the concepts o f  chaine operatoire and technological choice suitably 
overlap w ith  o th e r ideas fro m  sociohistorical technology studies. T he  insp iring  w o rk  led by 
B runo  L a to u r (La tou r and W oo lga r 1979; L a to u r 1983; 1987; b u t see R ix  et al. 1991) has 
show n that anyth ing  p roduced in  a labora to ry is the resu lt o f  com plex negotia tions 
am ong d iffe re n t actants, and tha t instrum ents are pa rt o f  these. L a to u r’s analysis, based 
on  a tw o-year ‘e thnograph ic ’ study o f  the fu n c tio n in g  o f  a labora tory, dem onstrated that 
know ledge is n o t acquired b u t constructed, and tha t nonhum an elements such as artefacts 
p lay an im p o rta n t ro le  in  th is process. Furtherm ore , labora to ry  studies showed that 
too ls  and equ ipm ent, and even sc ientific  facts, are n o t on ly  technically produced 
realities, b u t also entities tha t are sym bolically and po litica lly  affected. T he  concept o f  
constructionism thus became crucial, and the construc tion  o f  science appeared as a resu lt 
o f  countless negotia tions inside and outside the labora to ry (K n o rr  Cetina 1981; B ijke r et 
al. 1987; S tu rch io  1988; K n o r r  Cetina 1994). T h is  set o f  ideas has recently been
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proposed as the epistem olog ica l basis to  integrate sc ien tific  analyses and archaeological 
theory (Jones 2002; 2004).
T he  analytical m ode l tha t construc tion ism  advocates fo r  the study o f  m odem  
laboratories is, in  fact, very s im ila r to  tha t o ffe red  by the chaine operatoire approach to  
m ateria l culture. S ignificandy, early m ateria l cu ltu re  studies overemphasised the ro le  o f  
techn ica l and m ateria l constra ints in  the ir in te rp re ta tio n  o f  past activ ities, and had then 
to  balance the p ic tu re  by focussing on  hum an agency (D obres 2000; D obres and R obb 
2000; G ardner 2004), w h ils t trad itiona l science and techno logy studies were exaggerating 
the ro le  o f  hum ans and hum an needs, and had then to  stress the active ro le  o f  
instrum ents and artefacts (Rabkin 1987; R abkin  1993; B ijke r 1994). B o th  approaches 
were som ewhat m yop ic  in  the ir beginnings: the fo rm e r had materials as sources o f  
in fo rm a tio n ; the latter, people and the books w r itte n  by them  — hence the ir respective 
biases. Fortunate ly , we have n ow  b o th  m ateria l and w r itte n  sources to  study early 
chym istry. I f  adequately exp lo ited , com bined and contrasted, they may render a m ore 
balanced view.
3.7. Summary
In  th is chapter, some lim ita tions  o f  trad itiona l approaches to  the h is to ry  o f  
alchem y and chem istry, particu la rly  the ir excessive emphasis on ind iv idua ls  and the ir 
ideas, have been ou tlined . Subsequently, the v ita l ro le  o f  instrum ents, experim ents and 
laboratories has been argued. I t  was no ted  tha t some h is to rica l studies on  early 
laboratories and archaeological studies o f  chym istry  remains have started to  redress this 
imbalance. Nonetheless, the lack o f  a so lid  theoretica l fram ew ork  and research strategies 
has led to  a corpus o f  fragm entary w orks, ra ther than a coherent h is to rica l 
reconstruction .
T w o  theore tica l models to  solve this have been presented, one bo rrow ed  fro m  
m ateria l cu ltu re  studies, another one fro m  science and techno logy studies. N o n e  o f  
them  had been applied to  chym istry, and b o th  o f  them  appear va lid  inso fa r as they 
com p lem en t each other. W hether we call i t  ‘deconstructing ’ labora to ry  activ ities o r 
‘cons truc ting ’ a chaine operatoire, the crucial aspect is s trik ing  a balance between 
constra in ts and choices, between the ro le  o f  th ings and the ro le  o f  hum ans, between 
techno logy and science. T h is  thesis departs fro m  sc ien tific  archaeology, b u t w il l  bear in  
m in d  this w id e r fram ew ork  to  w h ich  i t  aims to  con tribu te .
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N o t long  ago, m ost archaeom etric studies were s till accused o f  “ the lack o f  a 
com m on  theore tica l um bre lla ”  (D e A dey and B ishop 1991: 376) tha t cou ld  enable 
com m un ica tion  am ongst specialists fro m  d iffe re n t backgrounds addressing s im ilar 
prob lem s w ith  d iss im ila r m ethodologies. F rom  the beginn ing, I  have e xp lic it and 
deliberate ly opened m y um bre lla , hop ing  tha t i t  is b ig  and flex ib le  enough to  cover many 
o f  us. I t  is m y purpose to  keep i t  open th roughou t.
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4. Materials
“What p ro fit is there o f  curious speculations, which doe 
not lead to real experiments? To what ende serves 
Theorie, i f  not applicable unto practice? And as this holds 
in a ll cases, so more especially i t  is true in Pyrotechny, o f 
which the whole would be vain and useless, unless the 
Theoremes o f i t  were demonstrable practically by the 
F ire ”
George Starkey (1628-1655)
The laboratory equipm ent recovered in  O berstockstall constitutes the ch ie f 
foundation  and study ob ject o f  this thesis. As th is pro ject evolved, however, w ider 
questions emerged w h ich  required fu rthe r investigation o f  archaeological remains from
1
S 'V fE
Figure 18. Map of Europe in the 16th century (and outline of America, inset) showing the 
archaeological sites from which samples for analysis were obtained. The numbers refer to the 
sites in the same order as they will be discussed in the text: 1. Oberstockstall, Austria; 2. 
Obernzell, Germany; 3. Oxford, UK; 4. GroBalmerode, Germany; 5. London, UK; 6. 
Jamestown, USA; 7. Porto, Portugal; 8. Burgsteinfurt, Germany; 9. Zwickau, Germany; 10. 
Cologne, Germany (after Shepherd 1923, modified).
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d iffe ren t sites across the w o rld  (fig. 18). Th is section presents an in tro d u c tio n  to  all the 
sites fro m  w h ich  samples were obtained fo r  scientific analysis, in  the same order as they 
w ill be discussed in  the text.
4.1. Oberstockstall (Lower Austria)
O berstocksta ll is an estate in  
the village o f  K irchbe rg  am 
W agram, a renowned w ine-grow ing  
region o f  Low e r Austria , about 40 
km  to the W est o f  V ienna. The site 
in  its current cond ition  is dom inated 
by a large m anor house o r Schlofl, 
constructed in  the 16th century, 
attached to  a 14th-century bu ild ing  
w ith  an ad jo in ing chapel (fig. 19).
Th is  chapel underwent
re fu rb ishm ent in  the m id-16 th-century, w h ich  led to  the annexation o f  a small room  o r 
sacristy in  the back o f  the nave (fig. 20). A  small s lot in  the w a ll o f  th is room  s till allows 
a v iew  o f  the altar (fig. 4, p. 34). In  1980, the owner o f  the bu ild ing  noticed a shallow 
depression on  the flo o r o f  this sacristy. Concerned about the stability o f  the build ing , 
and fu rthe r m otiva ted by rum ours about treasure buried in  his property, he started 
digging in  order to  fin d  ou t w hat lay beneath. Soon he realised that the treasure was 
d iffe ren t fro m  what he expected, and gave notice to  local authorities. Th is was the 
beginning o f  a h istorica l and archaeological p ro ject still ongoing today.
In  the course o f  tw o  archaeological campaigns carried ou t in  1980 and 1993/4  
(von O sten 1998), S igrid von  Osten iden tified  what seemed to  be a waste p it  where 
about a thousand artefacts o f  ceramic and glass had been accumulated over a relatively 
short pe riod  (figs. 21-22). The abundance and variety o f  finds, as w e ll as the ir state o f  
preservation, were remarkable. The peculiar shapes o f  many o f  them  clearly indicated 
that the assemblage constituted a collection o f  chemical equipm ent o f  some sort, 
together w ith  residues o f  high-temperature operations such as slag, m o lten  ceramics, 
charcoal and ashes, in  add ition  to  some other remains o f  metal, textile , leather and bone.
Figure 19. The Oberstockstall chapel and adjoining 
buildings in early 2003.
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As the excavation developed, the vestiges o f  tw o  furnaces were also id e n tifie d 9. W ha t 
fo llo w e d  was the g igantic job  o f  fin d in g  m atch ing  sherds am ongst several thousands, 
and s low ly re-assem bling and cataloguing the d iffe re n t specialised instrum ents (see 
be low , pp. 100-101). In  the m eantim e, the depos ition  o f  the assemblage cou ld  be dated 
qu ite  precisely w ith  the aid o f  a co in , some inscrip tions  and dendroch rono log ica l 
research, to  the pe riod  between 1548 and 1580/90 , a lthough the va riab ility  in  the wares 
present suggests the poss ib ility  tha t some utensils cou ld  be o lde r (von  O sten 1998: 14- 
95). Specialist reports were obta ined on  the bone (K a n e lu tti 1998), w o o d  (C ichock i 
1998) and m inera log ica l remains (Tha lham m er 1998), as w e ll as p re lim ina ry  sc ien tific  
studies o f  the cupels (Rehren 1998) and o the r m eta llurg ica l residues (Sperl 1998). In  the 
m eantim e, the com parison o f  the archaeological artefacts to  those depicted in  m edieval 
and early m odem  sources a llow ed the id e n tifica tio n  o f  many pieces o f  equipm ent, and a 
pre lim inary  assessment o f  the ir uses (Soukup and vo n  O sten 1991; 1992; Soukup and 
M ayer 1997; vo n  O sten 1998). A  m ore am bitious p ro jec t o f  sc ien tific  analyses emerged 
(Soukup and von  O sten 1991; 1992; Soukup et al. 1993), b u t n o t m ore than a hand fu l o f  
analytical results o f  th is p ro jec t have been pub lished (Soukup and M ayer 1997).
Parallel to  the archaeological and archaeom etric w o rk , vo n  O sten unde rtook  a 
tho rough  review  o f  the w ritte n  docum ents re la ting  to  the site. I t  was possible to  suggest 
tha t the like ly  masters o f  the labora to ry were, successively b u t overlapping, tw o  pairs o f  
brothers: C h ris toph  vo n  Trenbach, U rban  vo n  Trenbach, V ik to r  A ugust Fugger and 
S igm und F ried rich  Fugger, a ll o f  them  priests w ith  im p o rta n t ecclesiastic positions — 
tw o  o f  them  were bishops — w h o  lived  at th is m anor house (von O sten and Soukup 
1992; vo n  O sten 1998: 91-95). V o n  O sten ’s and fu rthe r h is to rica l research by Soukup 
and M ayer (1997: 5-40) have added detailed in fo rm a tio n  about the ir b iographies and 
interests, in c lud ing  relevant in fo rm a tio n  regarding the ir fam ily  re lationships w ith  
im p o rta n t hum anists and entrepreneurs o f  the tim e, ranging fro m  apothecaries th rough  
ia trochem ists to  m in in g  barons, and ind irec tly  reaching up to  the uncatalogable 
Paracelsus.
Nowadays, the Museum Der Alchemist (Altes Rathaus) o f  K irch b e rg  am W agram  
serves as a perm anen t exh ib ition  and study centre fo r  the co llec tion . Specific details o f  
the samples selected fo r  sc ientific  analysis are g iven in  the next chapter.
9 Furthermore, a well-preserved Bronze Age burial was discovered, valuable but obviously irrelevant for 
the present study.
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Grannery
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Abutment
ca. 1310/20 I I
14 th century 
(after 1327)
ca. 1548/49
older foundation
Figure 20. Plan of the chapel in SchloB Oberstockstall, and adjoining buildings (after 
von Osten 1998: 17, fig. 5, modified).
North foundation of the sacristy
■218.;West foundation 
of the sacristy Pit I Access to chapel
Staircase
Pit II
West foundation 
of the chapel
Posthole
B South foundation of the grannery
Approximate dimensions of Pit I at 219.40
0 2m
Figure 21. Plan of the excavations at the sacristy, with indication of the main features 
(after von Osten 1998: 22, fig. 7, modified).
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Figure 22. Profile of the pit where most of the laboratory equipment was discovered.
Points A and B are marked in the plan in fig. 21 (after von Osten 1998: 20, fig. 5, 
modified).
4.2. Obernzell (Bavaria, Germany)
O bem ze ll is a small Bavarian village ly ing  by the D anube, on  the current 
G erm an-Austrian border. I t  belongs to  the archdiocese o f  Passau, where U rban von  
Trenbach, one o f  the chymists w o rk ing  in  O berstocksta ll, ru led between 1561 and 1598. 
Passau in  general, and O bem ze ll in  particular, were renowned in  early m odem  times as 
large-scale producers o f  g raphitic  crucibles and o ther black wares10. As discussed later in  
this thesis, there were reasons to  suspect that the crucibles and o ther po tte ry  found in  
O berstocksta ll m igh t have been produced in  O bem zell. A  v is it to  the local 
Keramikmuseum was thus arranged, in  order to  investigate these productions in  m ore 
deta il and co llect samples fo r comparative purposes.
R u d o lf Ham m el, ex-mayor o f  O bem ze ll and long-tim e researcher o f  the local 
po tte ry  p roductions, k ind ly  led the author’s v is it to  the m useum  and supplied some 
samples fro m  his priva te  collection. U nfortunate ly, no precise archaeological contexts o r
10 Historical and archaeological details o f the production o f pottery in O bem zell are given in chapter 7, 
and further discussed in subsequent chapters.
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dates fo r  these are available, since they were collected du ring  b u ild in g  w orks at a tim e 
w hen the recovery and safeguard o f  archaeological remains was unsystematic. H ow ever, 
based on  H am m ers fam ilia rity  w ith  the h is to ry  o f  loca l p roductions, these can be 
estim ated to  date to  the 16th o r 17th century. The  samples inc lude  one g raph itic  crucib le  
and several fragm ents o f  b lack po tte ry , tw o  o f  them  stamped, as w e ll as a lum p  o f  clay 
co llected locally.
4.3. Old Ashmolean Laboratory (Oxford, United Kingdom)
O x fo rd ’s A shm olean M useum  was erected between 1679 and 1683. The 
underly ing  insp ira tion  was Francis Bacon ’s u top ian  idea o f  ‘S o lom on ’s H ouse ’, named 
a fte r the O ld  Testam ent K in g  So lom on, renow ned fo r  his in te lligence and judgem ent, 
and m yth ica l p ro m o te r o f  a tem ple insp ired by W isdom  and designed to  represent a 
m ode l o f  pe rfec tion  (cf. L im a  and da Silva 2003: 29-37). T o  m any o f  Bacon’s readers, it  
seemed that the actual creation o f  a S o lom on ’s House cou ld  give rise to  a new era in  the 
re la tionsh ip  between m an and nature and, by extension, in  the re lationships am ong men, 
and between m an and G o d  (Bennett et al. 2000: 11-23).
Supported by the local U n ivers ity , w h ich  was a m b ition ing  the inco rp o ra tio n  o f  
experim enta l natura l ph ilosophy in  its curricu la , this p ro jec t materialised as a three- 
storey b u ild in g  in  the heart o f  the c ity , w h ich  p rov ided  an e xh ib itio n  ro o m  fo r  Elias 
A shm o le ’s co llec tion  o f  rarities, a lecture room , a lib ra ry  and a laboratory. The 
com b ina tion  o f  teaching, practica l dem onstrations and applied research was so rare tha t 
i t  astonished m ost contem poraries. The  basement labora to ry  was described as 
“ perchance one o f  the m ost beau tifu l and usefu l in  the w o rld , fu rn ished w ith  a ll sorts o f  
furnaces and all o ther necessary materials in  o rde r to  use and practice”  (Chamberlayne 
1684: 327; as c ited in  Bennett et al. 2000: 21). Here, the fam ous R obert P lo t lectured and 
dem onstrated as the firs t Professor o f  C hem istry at the U n ive rs ity  o f  O x fo rd , and the 
firs t Keeper o f  the Ashm olean Museum. H e was aided by C hris tophe r W h ilte , w ho  had 
learned his practica l skills fro m  Peter Stahl and R obert Boyle (Bennett et al. 2000: 11-23).
In  1781, w hen  M a rtin  W a ll was appo in ted to  a new Readership in  Chem istry, the 
labora to ry  was renovated, and unwanted m ateria l in c lud ing  bones used fo r  teaching 
anatom y, chem ica l vessels and dom estic refuse were disposed o f  and covered by new 
lim estone pav ing  slabs. These are probab ly the archaeological rem ains discovered over 
tw o  hundred  years later, du ring  re fu rb ishm ent w orks  o f  the M useum  (site code
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M H S 0 9 8 /6 8 ). T he  ensuing archaeological excavation suggested tha t the entire 
basement terrace had been used as a dum p, where clusters o f  hum an and anim al bone, 
po tte ry , clay tobacco pipes, glass and ceram ic chem ical vessels had been discarded. 
F o llo w in g  this in te rp re ta tion , i t  is im p o rta n t to  emphasise tha t the materials recovered 
were those once regarded as no longer useful, and the o rig ina l labora to ry m ust have 
been m uch riche r than show n by these remains. T he  dates fo r  the entire assemblage 
were based on  the dom estic po tte ry , w h ich  showed a chrono log ica l span covering m uch 
o f  the 18th century, w ith  a like ly  deposition  date o f  ca. 1780 (H u ll 2003; Bennett et al. 
2000).
The chem ical equipm ent inc luded at least 18 round , fla t-bo ttom ed , open- 
m ou thed  crucibles o f  d iffe re n t sizes, 5 triangular crucibles, 2 ob long  crucibles w ith  
re lative ly closed m ouths, 2 re torts , 2 flasks, and a fragm ent o f  a lid . Deta ils o f  the 
o rig ina l characterisation o f  the ceram ic fabrics w il l  be presented later in  th is thesis, 
together w ith  new in fo rm a tio n  tha t helps co rrect m isguided in terpre ta tions o f  the 
o rig ina l report. A s to  the traces o f  use, p re lim ina ry  X R F  analyses by Chris Salter (H u ll 
2003: 11-13; Bennett et al. 2000: 31-47) showed re lative ly lo w  m eta l and m etal-oxide 
signals in  the crucibles, in  spite o f  the ir obvious d is to rtio n  by h igh-tem perature use. Still, 
based on  these analyses, i t  was possible to  suggest some o f  the like ly  operations carried 
o u t w ith  this equipm ent, w h ich  included: the sub lim ation o f  lead a n d /o r  zinc, the 
preparation o f  lead silicate glazes, and w o rk  on  su lphur o r sulphates. T he  presence o f  
ba rium  sulphate and s tron tium  sulphate was tentative ly related to  the p roduc tion  o f  
co loured effects fo r  firew orks. In  add ition , traces o f  m ercury and an tim ony were 
detected in  some vessels.
The O ld  Ashm olean is n ow  house to  the M useum  o f  the H is to ry  o f  Science, 
where part o f  th is co llec tion  is exhib ited. The  archaeological remains and related archive 
in s titu tio n a lly  be long to  the Ashm olean M useum , w h ich  has m oved to  a new location.
4.4. Groflalmerode (Hesse, Germany)
G roBalm erode is the best-know n crucib le  p ro d u c tio n  centre in  the reg ion o f  
Hesse. Since the M id d le  Ages, Hessian crucibles were m anufactured in  large quantities 
and exported across the w o rld . The  quality o f  the Hessian wares appears h igh ly  regarded
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in  several h is to rica l sources, to  the extent o f  re fe rring  to  the ir ou tstand ing perform ance 
as a ‘m ystery’ 11.
A s the analytical w o rk  proceeded, i t  was realised tha t several crucibles fro m  
d iffe re n t sites had been produced w ith  the same raw  materials and fo llo w in g  a very 
s im ila r recipe, w h ich  raised the hypothesis o f  a Hessian provenance. Reference samples 
o f  crucibles fro m  Hesse became thus necessary in  order to  ascertain th is suspicion, and 
also to  a llow  a m ore com prehensive p ic tu re  o f  the p ro d u c tio n  o f  crucibles in  the 
Renaissance. T w o  crucib le  sherds were k in d ly  made available by Ian  Freestone, then o f  
the B ritish  M useum , w ho  had received them  fro m  H ans-G eorg  Stephan, o f  the 
U n ivers ity  o f  G o ttingen . They are undated surface finds.
4.5. Cripplegate Buildings (London, United Kingdom)
In  the afterm ath  o f  W o rld  W ar I I ,  W illia m  Francis G rim es, then d irec to r o f  the 
M useum  o f  L o ndo n , excavated parts o f  the Rom an fo r t  at C ripplegate. In  the 1990s, an 
assessment o f  the m ateria l by John Shepherd revealed the presence o f  a well-dated 
assemblage fro m  the early 17th century in f il l in g  o f  the c ity  d itch , w h ich  inc luded 
ind ica tors o f  a varie ty o f  m e ta lw ork ing  processes (Bayley 2003).
T he  m eta llurg ica l remains com prise approxim ate ly th ir ty  crucibles o f  d iffe re n t 
sizes (fro m  50 up to  ove r 200 m m  high), m ost o f  them  round  w ith  fla t bases and open 
m ouths, b u t inc lud ing  a few  fla t-bo ttom ed  triangular vessels and some g lobu la r ones. In  
add ition , some ceram ic scorifiers and one bone ash cupel are present. F ina lly, some
w hee l-th row n , redware bottles were iden tified  as cucurbits, the long  neck being made
separately and lu ted o n to  the body o f  the vessel. X R F  analyses o f  a num ber o f  samples 
were carried o u t by Justine Bayley (2003), w ho  suggested tha t the biggest crucibles had 
been used fo r  m e lting  heavily leaded bronzes conta in ing  arsenic a n d /o r  antim ony, 
w h ils t the sm aller ones were related to  the m e lting  and assaying o r re fin in g  o f  silver. The  
scorifiers and cupel also po in ted  in  th is d irection . F inally, a red, pow dery deposit o f  iro n  
oxides le ft in  several cucurbits was in te rp re ted  as a b y-p roduc t o f  the d is tilla tion  o f  n itr ic  
acid fro m  a m ix tu re  o f  v itr io l and saltpetre, thus ind ica ting  tha t the pa rting  o f  go ld  fro m  
silver may have been conducted there too.
11 The history and archaeology o f  crucible production in Hesse, as well as the ‘mysterious’ quality o f the 
vessels, are addressed in chapter 8 and further discussed in the rest o f  the thesis thereon.
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A cco rd in g  to  h is to rica l records, diverse m eta lw orkers operated in  the 
C ripplegate area du ring  the M idd le  Ages, and the m ain cluster o f  go ldsm iths in  the C ity  
was precisely located in  the v ic in ity  o f  the excavated area. T he  archaeological remains 
appear thus related to  go ldsm ith ing  activities (Bayley 2003: 8-9).
The  assemblage fro m  the Cripplegate Bu ild ings is deposited w ith  the L o n d o n  
A rchaeo log ica l A rch ive  and Research Centre (L A A R C ), w ith  the id e n tifica tio n  code 
W F G  18. F o r the present thesis, six sherds have been selected, representing op tica lly  
d iffe re n t fabrics and fo rm a l types, and generally show ing litt le  traces o f  use.
4.6. Jamestown (Virginia, United States of America)
Located on  the Chesapeake Bay, by the James R iver, Jam estown is o ften  dubbed 
the ‘b irthp lace o f  A m erica ’, as i t  constitutes the firs t perm anent E ng lish  settlem ent in  
the N ew  W o rld . Its  h is to ry  starts in  1606, w hen  the E ng lish  k ing  James I  granted a 
charter to  a g roup o f  entrepreneurs, the V irg in ia  Com pany, to  establish a settlem ent in  
that region o f  N o r th  Am erica. O ve r one hundred m en le ft L o n d o n  and sailed to  
V irg in ia  w ith  the m a jo r aims o f  settling the land, fin d in g  go ld  and a water route  to  the 
East.
In  the years fo llo w in g  the ir a rriva l in  1607, fam ine, disease and con tinu ing  
attacks by the natives caused num erous casualties am ongst the Eng lishm en, w h o  had to  
b u ild  a fo r t  and seek strategies fo r  a peaceful co-existence and a p roductive  settlement. 
The  leadership o f  Captain John  Sm ith  saved the co lony fro m  d isso lv ing  com plete ly, 
a lthough d iff ic u lt times were s till ahead. Progressively, the re la tionsh ip  between natives 
and colonisers im proved , as m arked by the h is to ric  w edding o f  the Ind ian  Pocahontas 
to  the E ng lish  John  R o lfe  in  1614. The  systematic m ism anagem ent by the V irg in ia  
Com pany, however, led the k ing  to  revoke the charter, and V irg in ia  became a c row n 
co lony in  1624. Jam estown rem ained the capital o f  V irg in ia  u n til the m a jo r fire  o f  1698. 
T he  capita l was then m oved to  W illiam sburg , and Jam estown was abandoned.
Since 1994, the Jam estown Rediscovery pro ject, under patronage o f  the 
A ssocia tion  fo r  the Preservation o f  V irg in ia  A n tiqu itie s  (A P V A ) and sc ien tific  d irec tion  
by W illia m  Ke lso , has excavated an im p o rta n t part o f  the Jam estown settlem ent, thus 
unearth ing  im p o rta n t episodes o f  the h is to ry  o f  the co lony (Luccke tti et al. 1994; Straube 
and L u ccke tti 1996). The  excavation has recovered considerable am ounts o f  industria l 
waste, in c lud ing  dozens o f  beaker-shaped and triangular crucib les o f  d iffe re n t sizes, as
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w e ll as equ ipm ent fo r  w e t chem ical operations, many o f  w h ich  seem to  have never been 
used. H is to rica l records attest the presence o f  apothecaries, refiners, glassmakers, 
b lacksm iths and jewellers in  Jamestown. Some o f  the crucibles, w ith  clear residues o f  
glass m aking  activities, have been related to  a “ trya l o f  glasse”  carried ou t by G erm an 
glassmakers in  1607.
A s far as m eta llu rgy is concerned, i t  is kn o w n  tha t the natives valued red copper, 
w h ich  they obta ined as pendants and trinke ts  fro m  the colonisers, in  exchange fo r  food . 
Recent research indicates tha t these copper artefacts were p robab ly  o ffcu ts  o f  copper 
sheet b ro u g h t fro m  England  w ith o u t m uch fu rth e r processing (C. H udg ins, pers. com m .
2003). Nevertheless, the presence o f  m eta llic  and subm etallic deposits w ith in  some o f  
the crucibles clearly suggest tha t h igh-tem perature m eta llurg ica l operations also took  
place at the settlem ent. In  th is thesis, some o f  these crucib le  remains are analysed fo r 
the firs t time. They com prise a small triangular vessel con ta in ing  a th ick , black, glassy 
slag layer; a crucib le  fragm ent w ith  some adhering m eta llic  p rills ; a fragm ent o f  a big, 
beaker-shaped crucib le ; and a loose metal p r ill. They were made available by Carter 
H udg ins on beha lf o f  the A P V A .
4.7. Casa da Moeda (Porto Mint, Portugal)
'H ie  next archaeological site represented in  this thesis is in  the low er pa rt o f  
P o rto  city, by the D ue ro  R iver in  N o rth e rn  Portugal, the ne ighbourhood  housing 
industria l and com m ercia l activ ities since the Late M id d le  Ages. The estate now  
occupied by the h is to ric  b u ild ing  know n  as Casa do Infante covers w hat used to  be the 
SLlfandega Velha (‘O ld  Custom s’) and the Casa da Moeda (‘M in t H ouse ’). A rchaeologica l 
excavations at this site, coupled w ith  h is torica l research in  the local archive, have 
a llow ed an ins igh t in to  the organisation o f  the p ro d u c tio n  process fro m  the purchase o f  
m eta l batches th rough  assaying and re fin ing  activities and up to  the m in tin g  o f  d iffe re n t 
co in  types fro m  m etal sheets (D o rd io  et al. 1997; Lopes et al. 2000).
T he  house served as a m in t fro m  the 14th to  the 16th century, w ith  a later pe riod  
o f  ac tiv ity  in  the late 18th century. D iffe re n tia l concentrations o f  industria l remains 
w ith in  the site have allowed the iden tifica tio n  o f  specific areas o f  ac tiv ity  such as the 
assayers’ bench o r  the m in tin g  o ffice , where the coins were struck. H ow ever, sc ien tific  
analyses w il l  be requ ired  in  o rder to  reconstruct these processes m ore  precisely.
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O ve r 100 bone ash cupels were recorded, together w ith  21 triangular and 13 
conica l crucibles (D o rd io  et al. 1997; Lopes et al. 2000). The  assemblage was 
m acroscopica lly exam ined by the au thor du ring  a v is it to  P o rto  in  2003, and a w ide r 
analytical program m e is under developm ent. F o r the purpose o f  the present thesis, 
how ever, i t  was considered that one sample w o u ld  suffice. A  fragm ent o f  a triangular 
cruc ib le  was made available by Paulo D o rd io , d irec to r o f  the excavations. 
U n fo rtuna te ly , i t  lacks a clear stra tigraphic context. A s requested by the author, th is 
sample was selected fo r  its apparent unused cond ition .
4.8. Burgsteinfurt (North Rhine-Westphalia, Germany)
The B urgs te in fu rt crucibles are fro m  an unkn o w n  archaeological context. M ost 
like ly, they were excavated o r found  du ring  b u ild ing  w orks somewhere in  
B u rg s te in fu rt/M iin s te rla n d  in  the second h a lf o f  the 20th century and kept at the to w n ’s 
archaeological archive; at some p o in t in  tim e they were g iven to  P rofessor 
G erd  W eisgerber o f  the Deutsches Bergbau-M useum  in  Bochum , w ho  then passed 
them  on, in  the m id  1990s, to  T h ilo  Rehren o f  the M useum ’s In s titu t fu r  
A rchaom eta llu rg ie  fo r  analysis. D ue to  the ir lack o f  docum ented archaeological con tex t 
they were deemed suitable fo r  invasive sam pling in  o rder to  retrieve as m uch technical 
in fo rm a tio n  as possible, w ith o u t harm ing a registered object. U n fo rtuna te ly , no p rope r 
docum enta tion  o f  the various transactions has been kept, and no  fu rth e r details, such as 
tentative dates o f  use o r deposition  and related o the r finds, are know n.
F ou r triangu lar crucibles were made available to  the au tho r o f  th is  thesis, o f  
w h ich  on ly  three were analysed invasively, g iven tha t the fo u rth  one was com plete and 
op tica lly  identica l to  one o f  the others.
4.9. Zwickau (Saxony, Germany)
T he  archaeological materia l fro m  Zw ickau  was recovered du ring  a rescue 
excavation d irected by Jens Beutm ann, and carried o u t w ith in  the m edieval area o f  the 
c ity  du ring  1998 (Beutm ann et al. 2000). In  a 7x7x1 m  p it, some 3000 fragm ents o f  
technical ceram ic were found, together w ith  some slag, clay m ou lds and furnace lin ing . 
T h e ir deposition  was closely dated stratigraphically and by dend roch rono logy to  1465- 
1491. T he  id e n tifica tio n  code fo r  the assemblage is Z -2 9 /2 3 4 .
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T he crucib le  remains fa ll w ith in  three categories: b ig  o b long  pots, dome-shaped 
lids, and small triangu lar crucibles. They were analysed w ith in  another research 
program m e focussed on  the evo lu tion  o f  brass p roduc tion , and in te rp re ted  as remains 
o f  a brass m aking  w orkshop . The  b ig  crucibles w o u ld  have been used w ith  the lids fo r  
the cem entation o f  brass fro m  raw  materials, whereas the small ones served fo r  the 
m e lting  and re fin in g  o f  the a lloy p r io r  to  casting (M artinon -T o rres  2001; M a rtin o n - 
Torres and Rehren 2002).
N o  analyses o f  the Z w ickau  m ateria l have been carried o u t specifically fo r  this 
thesis. H ow ever, the presence o f  triangu lar crucibles, w h ich  were previously analysed 
fo llo w in g  the standard m ethodo logy described here (chapter 5), p rov ided  a sound basis 
fo r  com parisons. T h a t is the reason w hy the analytical results on the vessels fro m  
Z w ickau  w il l  be discussed here again as pa rt o f  a m ore com prehensive p icture.
4.10. Weyerstrafte, Cologne (North Rhine-Westphalia, Germany)
The m ateria l fro m  WeyerstraBe was acquired by the C ologne Stadtmuseum in  
1966 and is kn o w n  as Alchemisten-Werkstatt (‘the a lchem ist’s w o rksh o p ’). F u ll pub lica tion  
o f  the archaeological in fo rm a tio n  and the sc ientific  analyses o f  pa rt o f  the assemblage, 
carried o u t at the Deutsches Bergbau-M useum  in  B ochum  (iden tifica tion  code D -94), is 
s till pending, a lthough a p re lim inary  assessment a fte r the archaeom etric study has 
already been pub lished (Rehren 1996a). T he  co llec tion  comprises a w ide  range o f  
equ ipm ent used fo r  b o th  w e t and dry chem ical operations, in c lud ing  num erous 
d is tilla tion  vessels o f  glass and ceramic, as w e ll as beaker-shaped and triangular 
crucibles, scorifiers, shallow  trays w ith  a spout, one cupel, a rectangular lead vessel, and 
tw o  an tim on ite  cakes.
E a rlie r (unpublished) studies suggested tha t these cou ld  constitu te  the remains 
o f  a glass a n d /o r  glaze m aking w orkshop, b u t a m ore recent approach, focussed on  the 
equ ipm ent and residues fro m  high-tem perature operations, re fu ted  tha t in te rp re ta tion  
and determ ined tha t these were m ore like ly  to  represent a g o ldsm ith ’s w orkshop . Th is  
conclus ion was based on  the clear evidence o f  re fin in g  o f  nob le  metals and g o ld /s ilv e r 
parting, together w ith  the recycling o f  m ercury g ild ing  scrap (Rehren 1996a; Rehren 
1996b).
T he  study o f  the residues w ith in  these vessels p roved  very in fo rm a tive  o f  the 
range o f  reactions carried o u t in  a Renaissance m eta llurg ica l w o rkshop , w h ile  i t  posed
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w ide r questions concern ing the re la tionsh ip  between m eta llurgy and analytical chem istry 
in  early m odem  E urope, some o f  w h ich  are addressed in  th is thesis. A  com prehensive 
approach to  the m anufacture and technical standard o f  the instrum ents themselves w ill 
unden iab ly fu rn ish  m ore  in teresting  in fo rm a tio n  in  this regard. F o r the present w o rk , 
o n ly  one m ounted  specimen inc lud ing  ceram ic m ateria l was obtained. I t  consists o f  a 
fragm ent o f  a r im  attached to  a lu m p  o f  lute and con ta in ing  several m etal p rills . Its 
fragm entary co n d itio n  does n o t a llow  a de fin ite  id e n tifica tio n  o f  the m ain  vessel type, 
w h ich  m ig h t be e ither a triangu lar crucib le  o r a scorifier.
4.11. Summary
A lth o u g h  the labora to ry in  O berstocksta ll constitutes the m ain  case study 
addressed in  th is thesis, w ide r questions posed in  the in tro d u c tio n , and fu rth e r discussed 
later, made i t  pe rtinen t to  select a w ide r range o f  materials fro m  com parative contexts. 
T he  m ost p ro m in e n t factors beh ind these choices were the iden tity  o f  the tools and 
techniques used fo r  a w ide  range o f  h igh-tem perature activities, and the like ly  existence 
o f  specialised p ro d u c tio n  and trade o f  technical ceramics across the early m odem  w orld .
In  terms o f  geographic d is trib u tio n , special in terest is placed in  the area 
embraced by the H o ly  R om an E m p ire  in  the 16th century, given tha t this is the broader 
area contextua lis ing O berstocksta ll, and also because this is the reg ion housing the m ain 
producers o f  crucibles and w itnessing the m ost im p o rta n t developm ents in  chym istry 
and m etallurgy. H ow ever, samples fro m  as far as B rita in , Portuga l o r  even N o r th  
A m erica  are also studied, in  o rder to  obta in  a m ore com prehensive p icture  o f  the 
d is tr ib u tio n  o f  these instrum ents and practices.
As concerns the im m ediate contexts o f  u tilisa tion  o f  the crucibles studied, the 
au tho r has attem pted to  cover as large a range as possible, engaging the m any facets o f  
w ha t has been defined above as ‘chym istry ’ . Thus, n o t on ly  cruc ib le  p ro d u c tio n  sites are 
represented, b u t also remains fro m  laboratories, go ldsm iths ’ w orkshops, ore assaying, 
b ronze  and brass m etallurgy, and a m in t. A d d itio n a l reference w il l  be made to  glass and 
glaze prepara tion  by resorting  to  published studies.
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5. Methodologies
“Habe ich viel gelesen/ viel gehort/ viel erfahren/ viel 
p ro b ir t /  viel la b o r ir t /  viel specu lirt/ bin auch m it viel 
gelehrten Leute um gangen”
[ I  have read much, listened much, experienced much, 
made many tria ls, laboured much, speculated much, and 
I  have associated w ith  many learned people.]
Johann Joachim Becher, Psychosophia (1635-1 6 8 2 )
5.1. Making choices: sampling strategy and analytical techniques
A  fo rem ost c rite rion  w hen decid ing the sam pling strategy and the analytical 
techniques was ensuring that the results generated w o u ld  con tribu te  to  the aims and 
objectives previously defined. T he  type o f  data, analytical sensitiv ity, precis ion and 
accuracy required were determ ined beforehand. In  add ition , am ong the various 
instrum ents available to  each particu la r end, those requ iring  less invasive sam pling and 
a llow ing  rep lica tion  were selected. A n o th e r fac to r observed was the m ethodo log ica l 
consistency w ith  previous studies in  the fie ld , to  facilita te the in te r-com parison  o f  
results. In  any case, some fle x ib ility  in  the m ethodo log ica l program m e was allowed, 
expecting that new queries w o u ld  arise as the results started to  com e out.
Since the p ro jec t aims at the fu ll com parative characterisation o f  technical 
ceramics and a pre lim inary  approach to  chem ical operations, all three types o f  
m ineralogical, chem ical and physical in fo rm a tio n  were considered o f  interest. The 
m anufacture o f  the vessels, the ir m ateria l properties and perform ance du ring  use cou ld  
thus be m ore tho rough ly  investigated. Furtherm ore , a com prehensive data set shall 
fac ilita te  com parisons am ong the samples studied here and those (to  be) studied 
elsewhere. T he  particu la r jus tifica tion  and capabilities o f  each technique are detailed 
under the re levant subheadings.
F o r the O berstocksta ll case study, the sample selection w en t th rough  various 
stages. F irs tly , a fte r restoring, num bering, draw ing and fo rm a lly  classifying the entire  
co llec tion , S igrid vo n  O sten subm itted a selection o f  about one hundred  artefacts o r 
fragments. T h ilo  R ehren (1998) carried ou t a p re lim inary  investiga tion  o f  the bone ash
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cupels by x-ray d iffra c tio n  (X R D ), scanning e lectron m icroscopy (SEM ) and inductive ly  
coupled plasma — op tica l em ission spectrom etry (IC P -O E S ), and kep t the m ateria l fo r 
fu tu re  enquiry. W hen  th is P h D  p ro jec t started in  O c to b e r 2001, a ll the available samples 
were op tica lly  inspected in  detail, and m any o f  them  non-invasive ly analysed by energy 
dispersive X -ray  fluorescence (E D -X R F ), before  undertaking a detailed exam ination o f  
po lished samples o f  a num ber o f  them  by op tica l m icroscopy and scanning e lectron 
m icroscopy — energy dispersive spectrom etry (S E M -E D S ). These analyses ran paralle l to  
the widescale lite ra ture  review  discussed in  previous chapters.
O nce the assemblage was broad ly characterised and the research questions 
be tte r defined, a study v is it to  the Museum Der Alchemist in  K irch b e rg  am W agram  
(Austria) was p lanned fo r  early 2003. T he  w ho le  assemblage was then re-exam ined in  
the lig h t o f  the new in fo rm a tio n  and queries, and m ost o f  the artefacts and o the r debris 
were photographed. I t  was im p o rta n t to  ob ta in  a sample that was suitably representative 
in  order to  be able to  draw  sign ifican t conclusions w ith o u t w asting resources o r 
generating to o  many redundant data (O rto n  2000) — a lthough foreseeing data rep lica tion  
in  some cases. The con tinu in g  availab ility  o f  the orig ina l sample p rov ided  by vo n  Osten 
a llowed an ‘adaptive sam pling strategy’, where the questions to  be answered were 
re fined  in  the lig h t o f  p re lim inary  analysis. A fte r  th is, i t  was resolved tha t the m ain focus 
o f  this stage o f  research w o u ld  be the ceram ic m aterial, obv ious ly  related to  the various 
uses in  o rder to  assess perform ance, b u t leaving the detailed characterisation o f  the 
chem ical reactions fo r  a fu tu re  stage12. I t  was decided to  select a ‘s tra tified  sample’, i.e. 
one where a ll types and features are represented bu t n o t po in tlessly repeated. U nder 
m ore precise criteria , another fo rty  artefact fragments were selected du ring  the v is it to  
the M useum , inc lud ing  at least one sherd o f  each o f  the ceram ic types op tica lly  
iden tified , as w e ll as several fragments o f  the m any crucibles and scorifiers, since 
p re lim inary  analyses indicated a w ide r va riab ility  o f  pastes w ith in  these artefact types. 
F ina lly, even though they w o u ld  n o t be used fo r the present thesis, tw enty  samples o f  
residues were scrapped o f f  ceramic artefacts, up to  tw o  cubic m illim etres each, and duly 
preserved fo r  fu tu re  investigation.
A  b r ie f  no te  should be made on the use o f  invasive analyses. A rchaeolog ica l 
remains are com m on  heritage, and one o f  the m ain reasons w hy they are recovered and 
preserved is to  serve as sources o f  in fo rm a tio n  about the past. I t  is an archaeologists’
12 A t the moment o f  submitting this thesis, Aude Mongiatti is beginning her P h D  project, which will 
address this dimension o f  the Oberstockstall assemblage in more detail.
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duty  to  e xp lo it these sources as fa r as possible (cf. T ite  2002; Rehren 2002b). F ro m  this 
p o in t o f  v iew , a lbe it the au thor is com m itted  to  in f l ic t  the least possible a lteration to  
archaeological materials du ring  study, i t  was considered tha t invasive sub-sam pling was 
jus tified  in  some instances, as this was the on ly  way o f  ob ta in ing  re levant data that 
w o u ld  otherw ise rem ain unknow n . W hen  this was the case, the subsamples were 
rem oved try ing  to  embrace the largest am oun t o f  in fo rm a tio n  w ith  the m in im u m  
damage to  the sample. F o r example, in  a cross-section o f  a crucib le  sherd, the cu t was 
pe rfo rm ed  paralle l to  a fractured edge and in  such a way that, in  add ition  to  the fabric  
itse lf, v itr if ic a tio n  o r slag remains cou ld  also appear in  the m oun ted  specimen. W hen 
m ore  than one sample o f  the same m ateria l existed, the smallest a n d /o r  the one 
con ta in ing  m ore in fo rm a tio n  was selected. N o  com plete o r un ique artefacts were sub­
sampled. A l l  the sam pling po in ts  were indicated in  sketch draw ings and photographs o f  
the artefacts.
M os t o f  the samples fro m  O berstocksta ll possess three reference codes: a fin d  
code (given in  the fie ld), an inven to ry  num ber (given after restoration), and a fabric type 
code (given after op tica lly  d iscrim ina ting  the fabrics — see von  O sten 1998). Since the 
inven to ry  num ber is physically im p rin te d  in  the samples themselves, th is was the one to  
be used at the labora to ry in  Londo n . A l l  the specimens rem oved were labelled as 
fo llow s:
O B  5 6 0 /s2 M E D  B L A C K  C R U C  Jan 2001 M M T
In  this label, O B  stands fo r O berstocksta ll, 560 is the inven to ry  num ber, s2 
denotes the specimen num ber (antic ipa ting  cases where m ore than one specimen were 
rem oved fro m  the same sherd), M E D  B L A C K  C R U C  is a b r ie f means o f  id e n tify in g  a 
m edium -sized b lack crucib le, Jan 2001 is the date and M M T  are the in itia ls  o f  the 
person w ho  m ounted the specimen. The few  analysed sherds tha t lacked an 
id e n tifica tio n  num ber were labelled O B  nOOl and so fo rth . The  same procedure was 
fo llow ed  w hen preparing specimens fro m  o the r sites, always keeping the o rig ina l site 
id e n tifica tio n  code whenever th is was available.
T he  type o f  specimen used fo r b o th  op tica l and electron m icroscopy was a 
standard cross-section m ounted  in  epoxy resin, g round  and po lished dow n  to  one 
m ic ro n  partic le  size.
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5.2. A note on the analysis of ceramic fabrics
Fabric can be defined as “ the com pos ition  o f  a fired  ceram ic, inc lud ing  clay, 
inclusions, and pores and exclud ing surface treatm ent; o ften  used synonym ously w ith  
body, paste, o r ware”  (Rice 1987: 476). T he  study o f  this ‘in te rna l’ d im ension, com pleted 
by ‘external’ features such as the m orpho logy  and surface fin ish  o f  the artefacts, 
p rovides rich  in fo rm a tio n  fo r the com parative characterisation o f  ceramics. The 
physical, chem ical and m inera log ica l characteristics o f  any ceram ic fabric  are determ ined 
by “ (i) the natura l com pos ition  o f  the raw material(s); (ii) the actions taken by the p o tte r 
in  creating the clay m ix  (...); (iii) the f ir in g  atm osphere and tem perature [to w h ich  
‘d u ra tion ’ cou ld  be added]; and (iv) the use and post-depositiona l env ironm en t o f  the 
vessels”  (O rto n  et al. 1993: 132). Traces o f  a ll these stages are o fte n  kep t in  the fabric. 
A ccord ing ly , fabric  analysis aids the characterisation, sourcing and provenancing o f  
vessels; the study o f  fab rica tion  techniques, inc lud ing  m anufacture and fir ing ; and, in  
some cases, dating.
Leaving dating techniques aside, tw o  m ain approaches to  the study o f  ceram ic 
fabrics are available to  the archaeologist. T he  firs t one is based on  the op tica l 
exam ination o f  ceram ic sections using m ethods adapted fro m  petrography; i t  is generally 
referred to  as ‘ceram ic petrography’ and focuses p rim arily  on  the study o f  ‘textures’, i.e. 
the iden tity , arrangement, size, shape and d is tr ib u tio n  o f  particles w ith in  the ceramic 
m a trix  (e.g. Freestone et al. 1982; M id d le to n  and Freestone 1991; Freestone 1995; 
M id d le to n  1997). T he  o the r approach consists o f  the chem ical analysis o f  pastes, and 
therefore is m osdy concerned w ith  the ceramic m ateria l itse lf, ra ther than the inclusions 
(e.g. N e f f  1992). B o th  approaches are com plem entary and w e ll established. Since this 
thesis aspires to  constitu te  a com prehensive reference study, b o th  have been com bined 
here.
There is no clear agreement as regards the te rm ino logy used fo r  describ ing 
ceram ic fabrics, therefore i t  is necessary to  demarcate the term s as used in  th is thesis 
(fig. 23). T he  te rm  ‘ fab ric ’ is used as 
defined  above, to  denote the ceramic 
m ateria l generally, inc lud ing  clay, 
inclusions, po ros ity  and the ir 
in te rre la tion . ‘M a tr ix ’ is the relatively 
con tinuous phase made up by the
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Figure 23. Diagram demarcating the basic terms 
used in the characterisation of ceramic fabrics.
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v itr if ie d  clay and h o ld ing  the fabric  com ponents together. ‘Inc lus ions ’ are any discrete 
particles interspersed w ith in  the ceram ic m a trix  b u t op tica lly  detached fro m  i t  — they are 
thus pa rt o f  the fabric , b u t n o t o f  the m atrix . Lasdy, the te rm  ‘tem per’ is reserved to  
name inclusions a rtific ia lly  added to  the clay.
5.3. Optical microscopy
5.3.1. Stereoscopic microscopy of samples as received
Stereomicroscopes are valuable aids fo r  three-d im ensional observation and 
perception o f  depth  and contrast. The  stereoscopic m icroscopy facilita ted the scrutiny 
o f  some re levant features such as external traces o f  m anufacture on  the vessels, the 
texture o f  d iffe re n t materials, o r a p rim ary assessment o f  the v itr if ic a tio n  o f  ceramics as 
seen in  fresh fractures. I t  was o f  use in  decid ing w h ich  specimens were to  be m ounted  
fo r  detailed exam ination , and the sam pling po in ts. D u rin g  the preparation o f  polished 
specimens, the stereom icroscope was rou tine ly  used to  check the surface fin ish  at 
d iffe re n t stages du ring  g rind ing  and polish ing. T he  stereom icroscope used was a W ild  
Heerbrugg.
5.3.2. Reflected light microscopy of polished cross-sections
The applications o f  reflected lig h t m icroscopy o f  archaeological ceramics are n o t 
very w e ll docum ented, and in  the literature i t  is sometimes assumed tha t th is technique 
is o f  litt le  use in  m icros truc tu ra l analysis (Haynes 1984; B ousfie ld  1992). The  optica l 
m icroscopy o f  po lished sections is n o t even considered in  a recent handbook o f  
archaeom ineralogy (Rapp 2002). H ow ever, th is technique provides he lp fu l in fo rm a tio n  
on  the topo logy and op tica l properties o f  the exam ined surface, and thus supplies the 
firs t clues fo r  the understanding and classification o f  d iffe re n t materials.
E ven though the use o f  transm itted  lig h t m icroscopy o f  th in  sections w o u ld  
have fac ilita ted the iden tifica tio n  o f  m inera l phases in  ceram ic fabrics — thereby a llow ing  
the d e fin it io n  o f  provenance groups and an assessment o f  the fir in g  o r use tem peratures 
(cf. M aggetti 1982; Freestone 1995; M idd le ton  1997) —, i t  was decided tha t re flected 
lig h t m icroscopy o f  th icke r polished sections w o u ld  be used. T he  basic reason beh ind  
this choice is tha t also slag and m etal by-products adhering to  m ost ceramics were to  be 
studied, and the exam ination o f  these crystalline and glassy phases is m ore  com plete i f
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undertaken using the latter technique (Bachmann 1982; Scott 1991: 321). Besides, the 
m icroscopy o f  polished sections o f  crucibles had already been used by the author in  a 
previous p ro ject (M artinon-Torres 2001) and proved useful. Furtherm ore, polished 
cross-sections cou ld  then be directly used in  the SEM  fo r  the iden tifica tion  o f  m ineral 
and glassy phases.
The exam ination o f  ceramic fabrics and slag by optica l m icroscopy paid special 
a tten tion  to  the fo llo w in g  aspects: general appearance and re flectiv ity ; interfaces and 
in te raction  between d iffe ren t phases; abundance, shape and d is tribu tion  o f  porosity; 
nature, abundance (in percent by vo lum e, vo l% ), size u n ifo rm ity  (‘sorting ’), d is tribu tion , 
and degree o f  sphericity and angularity o f  inclusions. O p tica l m icroscopy under 
polarised ligh t (PL) was useful to  study the in teraction  between m etallurgical debris and 
ceramics, and to  detect the presence o f  b rig h t m etallic phases such as s ilver-rich 
globules in  lead-dom inated phases, w h ich  are n o t always easy to  iden tify  in  electron 
m icroscopy due to  the d iffe ren t im aging principles. In term eta llic  com pounds, graphite 
o r nonm eta llic  inclusions and o ther small particles w ith  h igh re flec tiv ity  were also best 
observed under PL. W ith  the polariscr and the analyser fitted  in  the m icroscope — i.e. 
under cross-polarised reflected ligh t (XPL) —, co lour contrast allows a better 
exam ination o f  hom ogeneity and the o rien ta tion  o f  ceramic m atrix, as w e ll as o f  the 
spatial o rien ta tion  and d is tribu tion  o f  the crystalline phases. F inally, the exam ination o f  
some specimens under on ly ‘s lightly ’ polarised ligh t (sXPL) was found useful in  that 
translucent inclusions such as quartz grains are visib le bu t the co lou r o f  the ceramic 
pastes is no t rem oved (fig. 24).
The instrum ent used was a Leica D M  L M . Photom icrographs were routine ly 
taken o f  the specimens under P L  and X P L , at 50x, lOOx and 200x m agnification, apart 
fro m  o ther images o f  specific features.
Figure 24. Three different micrographs of the same area of a crucible fabric. From left to right, PL, 
XPL and sXPL (O X nOOl/sl, 50x, long axes represent ~2 mm).
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5.4. Energy dispersive X-ray fluorescence spectrometry (ED-XRF)
X -ray  fluorescence is the characteristic em ission fo llo w in g  the absorp tion  o f  
h igh-energy rad ia tion  by atoms in  the X -ray  region, i.e. in  the inne r shells o f  electrons o r 
orb ita ls  (K , L  o r  M ). T h is  technique is therefore based on  a tom ic inne r shell processes. 
I f  an X -ray  is directed to  the sample m ateria l and hits an inne r o rb ita l e lectron at 
su ffic ien t energy, th is is ejected fro m  the atom . O nce an atom  has lost a core level 
e lectron by the absorp tion  o f  an X -ray  pho ton , an e lectron fro m  a h igher shell re fills  the 
hole. In  this process, energy is released w h ich  can either cause a th ird  e lectron to  leave 
the a tom  (Auger effect) o r may be em itted as a high-energy, secondary, fluorescent X -  
ray (XR F). The  energy o f  a fluorescent p h o to n  is determ ined by the quantum  num bers 
o f  the in itia l and fina l e lectron ic states and the a tom ic num ber o f  the atom. A ccord ing ly , 
every element contained in  the sample leaves its characteristic fin g e rp rin t o r spectrum  o f  
X R F  photons and, hence, can be iden tified  th rough  appropria te  measurements. The  
X R F  ins trum ent triggers this process under con tro lled  cond itions, screens those signals 
and displays them  on  a spectrum  where the p o s ition  o f  each peak is characteristic to  one 
particu la r element, and the area under that peak is relative to  the am oun t o f  tha t elem ent 
present in  the sample (D z iu n iko w sk i 1989; Potts 1995; Po lla rd  and H eron  1996; van 
G rieken and M arkow icz  2002).
T w o  p rinc ipa l ways fo r  the de te rm ina tion  o f  the characteristic pho tons are 
possible: wavelength and energy dispersive systems. The fo rm e r type m ain ly consists o f  
an analyser crystal and a flo w  counter; the latter, o f  a sem iconducto r crystal. In  any case, 
the results o f  b o th  X R F  systems can be interre la ted by means o f  a simple equation tha t 
relates the energy Fi o f  a g iven X -ray p h o to n  (in keV) w ith  its equivalent wavelength A, 
(in A): E=12.4A  (Pollard and H eron  1996: 46).
W avelength dispersive spectrometers (W D -X R F ) are capable to  analyse one 
characteristic line at a tim e w ith  high reso lu tion  and good peak to  background 
d e fin itio n . T he  m ain  disadvantage is the need o f  a sequential — i.e. elem ent by element — 
analysis o f  the signal. Energy dispersive detectors (E D -X R F ) use the sem iconducto r 
crystal to  tra n s fo rm  the incom ing  energy o f  a single p h o to n  in to  a w e ll defined num ber 
o f  e lectron ho le pairs, representing a characteristic am ount o f  charge fo r  every in co m in g  
pho ton . A  spectroscopic am p lifie r and a m u lti channel analyser conve rt the charge 
signal to  a num erica l p o in te r and the p h o to n  is counted as an event o f  the appropria te  
energy in  the com puter. The  com plete spectrum  may thus be analysed sim ultaneously.
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In  sum, E D -X R F  is qu icker and allows real-tim e id e n tifica tio n  o f  elements w ith o u t the 
need o f  previous know ledge about the nature o f  the sample. Its  m ain  setback in  
com parison to  W D -X R F , that is the usually h igher detection  lim its , is being 
progressively overcom e by the use o f  polarised X-rays (P )E D -X R F , w h ich  a llow  a 
s ign ifican t background noise reduction  in  the spectrum  (Ve ldhu ijzen  2003). A n o th e r 
po ten tia l lim ita tio n  o f  E D -X R F  is the reso lu tion  o f  overlaps in  the spectra between 
peaks correspond ing to  d iffe re n t elements. H ow ever, g iven that th is ins trum en t was 
on ly  used fo r  p re lim ina ry  screening purposes and accurate quan tifica tion  was no t 
needed, peak overlaps d id  n o t constitu te  a m a jo r hindrance. Furtherm ore , given the 
precise analytical geom etry required fo r  W D -X R F  analysis, its use w o u ld  have 
demanded sample rem oval and preparation, i.e. exactly w ha t we were try ing  to  avoid.
The ins trum ent at the Ins titu te  o f  A rchaeology is a (P )E D -X R F  Spectro X L a b  
2000. The com pute r software attached to  i t  transform s the X R F  signal in  a spectrum , 
compares the peaks to  those obta ined fro m  the analyses o f  ce rtified  reference materials 
(‘standards’), and fro m  th is com parison i t  calculates the elemental concentrations in  the 
sample. The  analytical settings were those o f  the standard Spectro ‘O xides’ m ethod, 
w h ich  includes three po laris ing targets (C om pton /S econdary  M o lybdenum , Barkla 
Scatter A lu m in iu m  O xide  and Barkla Scatter H O P G ).
Three m ain factors led to  the consideration o f  th is ins trum en t as ideal fo r  the 
p re lim inary  analysis o f  the surfaces o f  ceramics. F irstly, the poss ib ility  o f  avo id ing 
invasive preparation  by analysing samples as received, as m ost o f  them  fitte d  in  the 
ins trum ent chamber. Secondly, the com paratively b ig  d iam eter o f  the X -ray  beam (~1.5 
cm ), w h ich  allows b u lk  analyses o f  re latively large areas. T h ird ly , the re lative ly low  
penetra tion  depth o f  the X-rays — on ly  a few  m illim etres, depending p rinc ipa lly  on  the 
average a tom ic w e igh t o f  the elements in  the sample and the energy o f  the exciting 
beam. By com paring the com pos ition  o f  inner and ou te r surfaces, one can estimate the 
inne r con tam ina tion  fro m  use. A lso  an in it ia l approach to  the d iffe re n t fabrics’ 
com positions cou ld  be obtained, even fo r  those samples where the rem oval o f  
specimens fo r  fu rth e r exam ination was n o t acceptable.
Since the samples analysed were ne ither fla t n o r hom ogenised — as requ ired fo r 
accurate X R F  analysis —, the results cou ld  on ly  be sem i-quantita tive. In  add ition , no  
a ttem pt to  con jecture the p ropo rtion s  amongst elements o rig ina lly  conta ined in  the 
vessels’ charges w o u ld  be made on  the sole basis o f  X R F  results, since the in co rp o ra tio n  
o f  the d iffe re n t m eta llic  elements in  the fabrics is cond ition ed  by several factors tha t are
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n o t easy to  p red ic t (D u n g w o rth  2000). H ow ever, this non-invasive approach, coupled 
w ith  the op tica l exam ination o f  the assemblage, helped define the firs t w o rk in g  
com pos itiona l and usage typologies and directed fu rth e r questions fo r  th is and 
fo rth co m in g  w ork .
5.5. Scanning electron microscopy -  energy dispersive X-ray spectrometry 
(SEM-EDS)
The foundations o f  e lectron m icroscopy are explained in  several handbooks 
(Potts 1995; Po lla rd  and H e ro n  1996; Reed 1996; W a tt 1997; B randon and K ap lan  
1999). B rie fly , a scanning e lectron m icroscope (SEM ) consists o f  fo u r m ain 
com ponents: a co lum n  w ith  an e lectron gun tha t generates a beam o f  electrons, a 
specimen cham ber where the electrons in te ract w ith  the sample, some detectors that 
m o n ito r the d iffe re n t signals that result fro m  th is in te raction , and a v iew ing  system that 
constructs an image fro m  the detected signals. T he  basic princ ip les beh ind the SEM  are 
re latively simple: a tungsten filam en t is heated and emits an e lectron cloud, w h ich  is 
focussed in to  a beam and directed towards the specimen by means o f  an 
electrom agnetic condenser. The in te raction  between the electrons and the sample atoms 
generates assorted signals, such as secondary electrons (SE, electrons fro m  the sample 
surface itse lf, w ith  energies up to  50 eV), back-scattered electrons (BSE, elastically 
scattered back fro m  the inc iden t beam, w ith  energies above 50 eV), X -rays, ligh t, heat, 
and even transm itted electrons tha t pass th rough  the specimen. T he  inc iden t beam scans 
over the sample line by line, and the relevant detector bu ilds up a com plete image.
Since the wavelength o f  the electrons is m uch smaller than the w avelength o f  
ligh t, the reso lu tion  and m agn ifica tion  capabilities o f  the S E M  are m uch greater than 
those o f  the conventiona l com pound  lig h t m icroscope, reaching dow n  to  ~ 5  nm. 
Furthe rm ore , the S E M  has a large depth o f  fie ld , w h ich  allows a re lative ly large am ount 
o f  the specimen to  be in  focus at one tim e. Preparation o f  the samples is re la tive ly easy 
since m ost SEM s on ly  require the sample to  be conductive . F o r th is w o rk , the 
specimens used were the same polished cross-sections as exam ined by op tica l 
m icroscopy, a fte r carbon-coating in  a standard vacuum  carbon sputter. T he  
com b ina tion  o f  h igher m agn ifica tion , larger depth o f  focus, greater reso lu tion , and ease 
o f  sample observation makes the S E M  one o f  the m ost heavily used instrum ents in  
materials characterisation.
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T he S E M  ins trum en t used fo r  th is research p ro jec t is a Ph ilips X L 3 0  
E n v ironm en ta l S E M  (ESEM ) w ith  an IN C A  O x fo rd  spectrom eter package, housed at 
the Ins titu te  o f  A rchaeology. I t  is equipped w ith  b o th  SE and BSE detectors. The 
factors a ffecting  SE em ission are the m orpho logy  o f  the surface, the beam energy and 
in tens ity  and, to  a low er extent, the density o f  the sample. O n  the contrary, the BSE 
in tens ity  on ly  depends on  the average a tom ic num ber o f  the specimen. C om b in ing  b o th  
devices, one obtains a great am ount o f  in fo rm a tio n  on  the topography and the 
com pos itiona l m ake-up o f  the specimens examined.
Lastly, the S E M  used has attached b o th  wavelength (W D S) and energy- 
dispersive (ED S) X -ray  m icroanalysers, the princ ip les o f  w h ich  have already been 
explained fo r  the X R F . The E D S  allows measurements in  a scanning m ode, w here an 
area o f  up  to  ~2 ,5  cm 2 may be analysed, and also spot analyses o f  particles dow n  to  a 
few  pm  diam eter, and was u tilised routine ly. T he  W D S  was occasionally used fo r 
reso lv ing peak overlaps in  some spectra. In  general, S E M -E D S  is regarded as the easiest 
m ethod — and sometimes the on ly  one — fo r analysing m icroscop ic  samples, w hen the 
accurate detection o f  m in o r elements is n o t crucial. Fu rther advantages o f  this technique 
are its non-destructiveness and the re lative ly lim ited  requirem ents fo r  specimen 
preparation.
T he  use o f  S E M -E D S  was considered especially pe rtinen t fo r  the im aging 
capabilities m entioned above, w h ich  w o u ld  help re fine the characterisation o f  d iffe re n t 
ceram ic materials and traces o f  use. Besides, the m icroanalysis package allow ed a 
detailed chem ical study o f  fabrics and slag remains. T he  elem ental analysis o f  fabrics 
addressed matrices and inclusions separately, fo llo w in g  the example established by 
p ioneer w orks in  the fie ld  o f  archaeological refractories (T ite  et al. 1985; Freestone and 
T ite  1986; Freestone 1989; Bayley et al. 1991) and recently applied to  m ore case studies 
(M artinon -T o rres  2001; M artinon -T o rres  and Rehren 2002; H aup tm ann  et al. 2003). The 
com pos ition  o f  matrices was obta ined as averages norm alised to  100 percent by w e igh t 
(w t% ) o f  5 to  10 measurements o f  homogeneous areas o f  ~70-100 by 100-150 pm  made 
on  one to  tw o  specimens o f  each sherd. Th is  conventiona l area si2e was decided as i t  
was the largest possible u n ifo rm  m atrix  area n o t em bracing b ig  inclusions tha t cou ld  be 
analysed in  m ost o f  the ceram ic specimens. The com pos ition  o f  specific inc lusions was 
then p robed independently. A  sim ilar approach was adopted fo r  the analysis o f  slag and 
m etal remains — separating the analysis o f  ind iv idua l phases such as m etal g lobules o r 
dendrites — a lthough also b u lk  analyses o f  larger areas were undertaken.
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O pera ting  cond itions fo r  S E M -E D S  data co llec tion  were as fo llow s: w o rk in g  
distance o f  10 m m ; accelerating voltage o f  20 k V ; spot size o f  4.7 to  5.3 ( IN C A  
conven tiona l units) and process tim e 5 o r 6, correspond ing to  a detector deadtim e o f  
25-40% ; and live tim e  o f  50 seconds. In  o rder to  p e rm it consistent com parisons, images 
o f  a ll the specimens were rou tine ly  taken at 50x, lOOx, 500x and 800x m agnifica tion , 
together w ith  others o f  ind iv idua l features at d iscretion.
A lth o u g h  the S E M  ins trum en t is calibrated w ith  a com prehensive set o f  
standards, accuracy and precis ion were rou tine ly  tested via the analysis o f  pellets o f  
siliceous certified  reference materials. These were made by m ix in g  each o f  the pow dered 
standards w ith  epoxy resin and fo rm in g  a pe lle t w h ich  was then cut, m ounted  and 
po lished in  the same way as the o the r ceramics. These ‘standard specimens’ were then 
analysed fo llo w in g  the established m ethodology. In  accuracy tests, analytical results 
com pared to  ce rtified  values showed coeffic ients o f  va ria tion  typ ica lly  be low  10% fo r  all 
m a jo r element oxides except magnesia, w ith  the e rro r increasing fo r  elements in  m in o r 
concentrations, a lthough usually rem ain ing be low  20%. C oeffic ien ts  o f  va ria tion  in  
precis ion tests were typically be low  5%  fo r m ajor, and up to  15% fo r m ino r, element 
oxides. L o w e r confidence lim its  were established at 0.5 w t% , b u t values be low  this l im it 
are also g iven as ind ica tive  where considered relevant. W hen the rou tine  tests showed 
h igher va ria tion  ranges, the analyses were in te rrup ted  to  run  a detector co n d ition ing  
program m e, w h ich  habitua lly resulted in  then ob ta in ing  satisfactory results.
A l l  the chem ical com positions presented in  this thesis w il l  be given as percents 
by w eight (w t% ), and the results norm alised to  100%. U n-norm alised  totals inevitab ly 
were below  100% due to  the inheren t poros ity  o f  m ost samples and d r if t  in  beam 
intensity. H ow ever, the data quality co n tro l procedure described above allows us to  trust 
the obta ined results regardless.
5.6. Summary
T he  sample selection fo llow ed  an adaptive strategy. A fte r  p re lim inary  analyses 
leading to  m ore precise questions, a stra tified  sample o f  the assemblage was selected, 
where a ll the m ain  types o f  fabrics were represented. H igh-tem pera tu re  ceramics were 
m ore heavily represented so as to  a llow  a m ore detailed study o f  the ir m ateria l 
properties and perfo rm ance characteristics.
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E D -X R F  was used fo r non-invasive analyses, m osdy aimed at a pre lim inary  
assessment o f  com pos itiona l groups and traces o f  use. Subsequently, analyses used 
m osdy op tica l m icroscopy and S E M -E D S  o f  po lished cross-sections. T h is  was deemed 
the m ost suitable instrum enta l technique fo r th is p ro ject, a fte r a carefu l evaluation o f  
factors such as the precis ion and accuracy required, the p rinc ip le  o f  m in im u m  a lteration 
o f  the archaeological materials, and consistency w ith  previous w o rk . Standard analytical 
p ro toco ls  were established in  o rde r to  a llow  systematic comparisons.
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6. The laboratory equipment from Oberstockstall: 
technological choices and performance characteristics
“What most experimenters take fo r  granted before they 
begin their experiments is infin itely more interesting than 
any results to which their experiments lead.”
Norbert Wiener (1894-1964)
“Thou hast done nothing but pile up ambiguous words. 
Return, therefore, to the subject.”
Turba Philosophorum (ca. 1200)
6.1. Introduction
The laboratory equipm ent recovered in  O berstockstall shows a great variety o f  
fo rm al types and visually d iffe ren t ceramic fabrics. A  thorough fo rm a l organisation and 
a tentative macroscopic fabric classification have been offered by von  Osten (1992; 
1998) a fter a detailed optical examination. In  general terms, at least fou r m ain groups o f  
ceramic fabrics can be distinguished: unglazed bu ff/o ran ge , green-glazed,
orange/brown-glazed, and 
b lack wares. A dd itiona l fabric 
types are represented by
bu ild ing  ceramics such as 
furnace bricks, and by the 
lute used fo r coating o r 
sealing some vessels. Finally, 
crucibles, scorifiers and
cupels fo rm  distinct 
categories, however the 
a lteration o f  the ir appearance 
through the ir high- 
temperature use made i t  
impossible to  visually 
determ ine w hether they
Figure 25. Selection of black wares from Oberstockstall. 
Scalebar is approx. 15 cm.
Figure 26. Some of the Obernzell stamps on the black wares 
found in Oberstockstall. Long axis of the stamp is ~3 cm 
(drawings by Sigrid von Osten).
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Figure 27. Unglazed ceramic artefacts from Oberstockstall. 
Scalebar is approx. 15 cm.
Figure 28. Green-glazed equipment from Oberstockstall. 
Scalebar is approx. 15 cm.
Figure 29. Brown- and orange-glazed ceramics from 
Oberstockstall. Scalebar is approx. 15 cm.
belong to  one o r m ore fabric 
types. T o  com plete the 
p icture, i t  should be 
m entioned that d iffe ren t types 
o f  glassware are present, 
inc lud ing  flasks, phials and 
d is tilla tion  columns, although 
they w ill n o t be considered in  
this w ork.
Black wares norm ally 
com prise open pots o f  
d iffe ren t sizes, up to  40 cm  in  
height, ob long  o r cylindrical, 
w ith  o r w ith o u t handles, w ith  
w ide convex o r fla t rim s that 
reach 40 cm  in  diameter (fig. 
25). M any o f  these rims 
exh ib it one o r m ore stamps. 
They are shield-shaped and 
show variations o f  a sim ilar 
exh ib it one o r m ore stamps. 
They are shield-shaped and 
show variations o f  a sim ilar 
m o t if  that combines equi- 
axed crosses w ith  o ther
segments and dots (fig. 26). Some also show sim pler engraved marks, such as crosses, 
parallel segments o r dots, on  the rim s and body surfaces. The m ore com plex stamps 
have been iden tified  as typical fro m  O bem ze ll (Bavaria, present-day Germany), a well- 
know n  village p roducing and exporting  black and o ther wares since late medieval times 
(von Osten 1998: 56; see also chapter 7). Unglazed ceramics o f  a b u f f  to  orange co lour 
are represented by m uffles, funnels, sieves, cucurbits, retorts and receivers used in  
d is tilla tion  and sub lim ation operations, as w ell as a series o f  ceramic plugs p robab ly used 
to  adjust the air d ra ft in to  the furnace (fig. 27). In te rna lly  green-glazed ceramics are used 
fo r  a varie ty o f  chym ical equipm ent, inc lud ing  d is tilla tion  and sub lim ation capitals,
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adopters and sieves (fig. 28). F inally, orange glazes appear m osdy on  bow ls, p ipk ins and 
cy lind rica l pots, as w e ll as m ore in trica te  types, possib ly used in  sandbath d is tilla tion  (fig. 
29).
The m ost characteristic artefact shapes have already been iden tified  by von  
O sten (1992; 1998) whose w o rk  was later com ple ted by Soukup and M ayer (1997). 
Based on  some contem porary w ritte n  sources, i t  was possible to  o ffe r  a p re lim inary  
in te rp re ta tion  o f  the m ain applications o f  m ost o f  the pieces o f  equipm ent. In  summary, 
apart fro m  ord inary, less d iagnostic shapes, vo n  O sten (1998: 86) iden tified  the 
fo llo w in g  types: 4 alembics — one made o f  ceram ic, fo r  sub lim ation, 3 o f  glass, fo r  
d is tilla tion  —; 2 tailed flasks (a th ird  one is uncerta in); 4 sieves o f  d iffe re n t shapes and 
materials; 13 ‘steamer dom es’, 5 funnels (w h ich  cou ld  as w e ll have served as steamer 
domes), one d is tilla tion  co lum n, 6 ‘sandbath’ instrum ents, 11 bu lbous recipients and 
m e lting  pots o f  d iffe re n t kinds, a ltogether 25 ceram ic d is tilla tion  receptacles, inclusive o f  
re torts (com plete and fragm entary), and besides 7 glass d is tilla tion  receptacles and 14 
glass phials; about 280 crucibles, 50 scorifiers, 100 cupels, and 13 reasonably com plete 
m uffles  com plete the inventory.
The analytical w o rk  presented here largely focuses on  technical ceramics used 
fo r h igh-tem perature reactions — namely crucibles, scorifiers and, to  a lesser extent, 
cupels13. These are, by and large, the artefact types m ost heavily represented in  the 
labora tory assemblage. Th is  choice was directed n o t on ly  by the h igher relative 
abundance, bu t also by the fact tha t artefacts such as crucibles and scorifiers were so 
versatile tha t the ir mere ascrip tion  to  a fo rm a l category tells very litt le  about the ir actual 
u tilisa tion . Furtherm ore, since these artefacts were used at very h igh temperatures and 
o ften  conta in ing  corrosive m etal oxides, the ir surfaces appear so d isto rted  tha t i t  is 
d if f ic u lt  to  a ttem pt any g roup ing  w ith o u t sc ien tific  analyses. M oreover, the ir h igh- 
tem perature use purports  that m ore traces o f  the materials processed were le ft w ith in  
the vessels and are thus susceptible o f  analytical iden tifica tion . F ina lly, the aim  to  
con tribu te  to  the long-standing discussion regarding the m anufacture and supply o f  
crucibles in  post-m edieva l Europe and beyond was a fu rth e r fac to r leading to  this 
decision.
13 The analytical examination o f  cupels specifically carried out for this thesis is constrained to one unused 
cupel and a lump o f  bone ash. However, data from previous work by Thilo  Rehren (1998; M artinon- 
Torres and Rehren 2004b) will be discussed together with the new data in order to present a more 
comprehensive picture.
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O f  the o the r ceramics, on ly  one o r tw o  samples o f  each broad fabric type (black, 
orange unglazed, green-glazed and orange-glazed wares) have been analysed. Th is  was 
considered enough fo r  a general characterisation o f  these visually ra ther u n ifo rm  fabrics, 
w h ich  w o u ld  be useful fo r  com parative purposes w ith in  th is assemblage, and may also 
be o f  use fo r  fu tu re  com parisons w ith  sim ilar fo rm a l types fou n d  elsewhere. G iven  the 
lo w e r tem perature and o ften  aqueous nature o f  the reactions undertaken in  these 
instrum ents, less traces o f  use are norm ally  le ft in  the ir surfaces. H ow ever, some s till 
e xh ib it sediments o f  the substances processed. Analyses o f  a sm all num ber o f  these w ill 
be presented, a lthough this does n o t constitu te  a foca l p o in t o f  th is w ork .
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6.2. The triangular crucibles
F o r th is thesis, the term  ‘cruc ib le ’ is used to  designate a free standing, m ovable 
vessel, generally used fo r  ‘d ry ’, i.e. h igh-tem perature, operations (cf. Rehren 2003: 207) 
T he  triangular o r ‘labo ra to ry ’ crucib le  is an icon  o f  the Renaissance laboratory, and as 
such i t  appears depicted in  innum erab le paintings (see e.g. fig. 6, p. 37). Th is  vessel 
constitu ted  the basic to o l fo r  any small scale pyro techno log ica l reaction. As discussed 
la ter in  this thesis, triangu lar crucibles were used in  copper and brass m etallurgy, fo r  
go ld  and silver w o rk in g  and in  all sorts o f  assays. Assayers needed them , b u t also 
chym ists o f  all k inds, apothecaries, physicians, co in  m inters, glass w orkers o r even 
potters fo r glaze preparation (C otte r 1992: 265). T h is  w ide  range o f  possible uses 
stresses the need fo r  w ell-preserved archaeological contexts and analytical studies in  
o rder to  iden tify  b o th  specific crucib le  types and activities.
H igh  qua lity  crucibles have been in  demand fo r  centuries, w h ich  explains the 
detailed recipes fo r  m aking crucibles given in  several treatises since the M idd le  Ages 
(e.g. Sisco and Sm ith  1949; W y c k o ff 1967; H aw thorne  and Sm ith  1979), and the fact 
that, already in  the late 17th century, the reason beh ind  the outstand ing quality o f  the 
famous Hessian crucibles is s till re ferred to  as a “ m ystery”  (P lo t 1677: 250). W ide r 
discussion concern ing the p roduc tion  and consum ption  o f  crucibles in  the post- 
medieval w o rld  w ill be presented towards the end o f  the thesis (chapters 7-10), draw ing 
together the analytical results fro m  several assemblages and substantial in fo rm a tio n  
fro m  w ritte n  sources. F o r this chapter, the focus is placed on  the crucibles fro m  
O berstocksta ll only.
As noted in  chapter 3, the characterisation o f  the artefacts w ill use some 
analytical categories bo rrow ed  fro m  m ateria l culture studies. T he  d iffe re n t features o f  
the crucibles may be discussed as the result o f  d iffe re n t technologica l choices made at 
early stages o f  the chatne operatoire, w h ich  cond itioned  the fo rm a l and m ateria l properties 
o f  the vessels, and thereby affected the ir perform ance characteristics (cf. S ch iffe r and 
Skibo 1997; Skibo and Schiffer 2001; S illar 2003; S ch iffe r 2003).
F irs tly , the fo rm a l properties o f  the vessels shall be presented, p lac ing the 
emphasis on  the ir co nd ition  p r io r  to  use. Then, the ir fo rm a l and m ateria l p roperties 
shall be discussed in  the lig h t o f  analytical measurements and re levant technical 
literature, considering the choices and decisions made by producers and users o f  the 
crucibles. T he  contexts where these crucibles were produced, traded and used shall
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provide the clues to  explore the reasons beh ind those choices: on ly  by considering the 
perform ance o f  these vessels, bo th  in  the m arket and in  the laboratory, can we assess 
the constraints that led the potters to  manufacture them  in  a particu lar way, and the 
extent to  w h ich  the d iffe ren t material properties observed were relevant to  16th-century 
potters and chymists. In  this sense, reference w ill have to  be made to  the specific 
reactions carried ou t w ith in  some o f  the vessels. T he  last part o f  this section w ill present 
analytical details o f  some o f  the used crucibles, w ith  a v iew  to  investigate the ir specific 
cond itions o f  use, technical requirements and corresponding perform ance.
Figure 30. Group of triangular crucibles from Oberstockstall. Big 
scalebar is 15 cm, small one is 5 cm.
6.2.1. Characterisation
The design o f  all the crucibles recovered in  O berstocksta ll fo llow s the same 
fo rm a l pattern: the base is circular and flat, and the body opens progressively to  end in  a 
triangular m ou th  (fig. 30). Th is characteristic shape was achieved by pushing inwards the 
r im  o f  a (truncated) conical vessel.
In  m ost cases i t  is clear that the 
crucibles were w hee l-throw n 
before the r im  was fo lded inwards, 
as is especially noticeable in  the 
bigger ones, w h ich  show parallel 
ho rizon ta l grooves on the ir Figure 31. Some of the smallest crucibles.
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surfaces (fig. 32). The fo rm a l standard o f  the alm ost 
three hundred crucibles is remarkable, and those 
w ith in  the same size ranges (see below) are o ften  
nearly identical. The height o f  the vessels tends to  be 
roughly equal to  the length o f  each side o f  the 
triangular m outh , a lthough there are exceptions o f  
b o th  slim m er and w ide r ones. F o r a m edium -sized 100 
m m  ta ll crucible, the body thickness is about 6 m m , 
tapering towards the r im  and being th icker at the base.
Smaller crucibles tend to  have relatively smaller bases, 
w h ich  results in  m ore open profiles. Th is is shown by 
the ra tio  between the side o f  the m ou th  and the base 
diameter, w h ich  is norm ally  in  the range 1.8-2.2 fo r 
crucibles up to  90 m m  high, and between 1.4-1.8 fo r 
larger vessels.
Sizes span fro m  remarkably small vessels o f  
just 16 m m  in  height (fig. 31) to  large crucibles o f  up 
to  185 m m  (fig. 32). A pprox im ate ly  60% o f  them  are 
stamped on  the ir b o tto m  w ith  a sym bol resem bling a le tte r ‘T ’. N orm a lly , the smallest 
crucibles do n o t show any stamp, the next size range has one, then there is a group w ith  
either one o r tw o  stamps, and the biggest ones always bear tw o  (figs. 33-34), a lthough 
there are some m edium -sized crucibles w ith o u t any stamp. Hence, w h ils t the num ber o f
170-185
E\ 118-147
ft
%
66-105
I
16-57
Figure 33. Bar chart representing the frequency distribution of different 
crucible sizes and the presence of ‘T  stamps (after data from von Osten 1998: 
41-42).
□  2 stamps
■  1 or 2 stamps
■  1 stamp
■  No stamp
0 20 40 60 80 100 120
Frequency
Figure 32. Two views of a big 
crucible, where traits from the 
manufacture on the wheel can be 
noticed.
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stamps could relate to  the capacity o r value o f  the crucibles, th is c rite rion  does n o t seem 
to  have been fo llow ed  very stricdy. Varia tions o f  this stamp have been recorded in  
crucibles and o the r po tte ry  types across the region spanning fro m  Bavaria th rough 
Austria  and up to  Hungary, although the meaning o f  the sym bol, o r the p roduction  
centre(s) that applied it, rem ain unclear (cf. H o ll 1976 and section 7.5).
The group o f  smallest crucibles does n o t appear to  meet the above fo rm a l 
standard so tighdy (fig. 31). These were hand m oulded, w ith  the help o f  a round  stick 
w ith  a ~ 4  m m -th ick  end, w h ich  was pressed in to  the so ft clay to  fo rm  the inner side o f  
the crucible bo ttom , as noticeable in  the im prin ts  le ft inside some o f  them. Th is  is 
understandable as the ir size is so small tha t i t  w ou ld  n o t be manageable to  th ro w  them  
on  the wheel o r fo rm  them  around one’s thum b.
Finally, there is one crucible (O B 316) tha t shows a d iffe re n t stamp. In  contrast 
to  the simple ‘T ’ stamp described above, the fineness o f  this stamp indicates that i t  was 
made by im p rin tin g  a m etallic too l. I t  consists o f  the letters IE  above a sty Used wave and 
a triangular design, aU framed by tw o concentric circumferences (fig. 34). V o n  Osten 
(1998: 44, after pers. com m , fro m  W . Endres) suggested that IE  could be the in itia ls o f  
Jan Emens, a renowned pottery master w ho  w orked in  Raeren (Belgium) in  the second 
h a lf o f  the 16th century (cf. G aim ster 1997: 225). U nfortuna te ly , as i t  was a unique item  
on display at the Museum Der Alchemist, this crucib le could n o t be sampled fo r analysis.
Figure 34. Left, typical‘T ’ stamp on the base of a crucible (diameter of stamp is ~1 cm). Centre, 
base of big crucible, showing 2 stamps. Right, base of the only crucible with ‘ IE ’ stamp 
(diameter of stamp is ~1 cm).
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a
Figure 35. Two matching 
crucible sherds of different 
colours, showing the extent of 
varying post-depositional
processes within the same 
archaeological deposit.
The colours o f  the crucibles in  the assemblage 
range fro m  b rig h t w h ite  th rough shades o f  grey to  
black, also inc lud ing  orange, p ink, red, purp le  and 
brow n , e ither as solid colours o r in  patches. A  sim ilarly 
w ide  variab ility  exists w ith  regard to  the degree o f  
v itr if ic a tio n  and density o f  the fabrics, and surface 
smoothness. A  pre lim inary optica l approach to  the 
crucib le samples subm itted fo r  scientific analysis d id  
n o t a llow  a determ ination o f  the num ber o f  fabric 
types represented, given this variab ility . G iven  the 
surface contam ination  o f  m ost artefacts, X R F  analyses were n o t very useful to  this end. 
I t  was only after m icrostructura l and S E M -E D S  chemical analysis o f  the firs t samples, 
and when the entire assemblage was visually examined, that i t  seemed possible that just 
one, o r very few, clay sources had been used fo r  all the crucibles, the ir d iffe ring  
appearances being a result o f  d iffe ring  temperature, redox and contam ination  conditions 
during  use, as w e ll as post-depositional processes (figs. 35-36). Th is observation stresses 
the lim ita tio n  o f  the external appearance o f  these o r o ther crucible fabrics as a crite rion  
fo r  the ir classification. In  addition , fro m  this starting po in t, i t  was possible to  compare 
the cond ition  o f  unused and used fabrics as a useful m ethodology to  assess the ir 
technical standard and perform ance under various w o rk ing  conditions.
Figure 36. Some crucibles of identical size and fabric, showing different colours 
as a result of varying conditions of use and post-depositional environments.
W ith  the exception o f  the smallest crucibles, w h ich  are almost invariab ly w hite , 
the standard unused crucible is dark grey o r black on the surfaces, a lthough o ften  
show ing ligh te r patches. The interna l surface is sometimes ligh te r as w ell, the same 
co lou r as the m ain body fabric (fig. 37). In  all cases, the crucibles show a remarkable 
surface smoothness. W hen compared to  o ther artefacts w ith in  th is and o ther
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assemblages, the ‘touch ’ o f  the O berstockstall crucibles, together w ith  that o f  some
other black wares and d istilla tion  equipment, appears particu larly even. U pon  closer
exam ination, some
streaks could be noticed
on the surfaces,
resembling ‘brush
strokes’, sometimes ~ 2
cm  wide, as i f  made
w ith  a brush o r c lo th
(fig. 38). These marks
are particu larly
conspicuous in  those
crucibles no t conta in ing graphite (see below). In  view  o f  this, i t  cou ld  be suggested that
the crucibles were dipped in  liqu id , w e ll-re fined clay, w h ich was then w iped on to  the ir
surfaces, thus m aking the crucible surfaces as sm ooth as possible. Th is outer ‘s lip ’, being
so th in  and w e ll bonded w ith  the body, and sharing the same chemical com position,
could no t be iden tified  during the SEM  examination
o f  cross-sections. Perhaps no clay was added at all, bu t
the po tte r sim ply sprinkled some water o r used a
damp clo th, m aking the ir surfaces so ft enough to
allow  this sm oothening tam ping o r w ip ing. I t  is w o rth  
Figure 38. Detail of the surface
smoothening of a crucible. noting  that, in  many cases, the fabric o f  the crucibles
seems to have decayed ‘in  layers’, thus g iv ing  the 
impression that they m igh t have been coated w ith  a d is tinc t clay slip (fig. 39). 
M icroscopic and chemical analyses o f  cross-sections, however, do no t support this 
in terpretation.
Figure 37. Three unused crucibles from Oberstockstall.
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Figure 39. Images of different crucibles showing what might look as remains of a surface slip, 
but is likely to be just the decay of the more vitrified surface, which comes off the ceramic body.
The ceramic m atrix  as seen in  unused crucibles is fine-grained and shows an 
advanced stage o f  in itia l v itr ifica tion , w ith  amalgamated grain boundaries (fig. 40) (cf. 
te rm ino logy in  Maniatis and T ite  1981). The  m ost notable inclusions are norm ally  
graphite fragments, w ith  speckles up to  0.8 m m  long, constitu ting  20-25 vo l%  o f  the 
fabric (figs. 41-42). The bigger fragments appear oriented w ith  the ir long  axis parallel to  
the surfaces o f  the body, especially in  the bigger vessels, where this orien ta tion  w o u ld  be 
easily achieved as a result o f  the ir th row ing  on the wheel. Interestingly, in  some o f  the 
unused vessels, pa rt o f  the graphite inclusions have burned o ff, dow n to  1 m m  be low  
the surfaces — the ir previous existence noticeable in  the s till existing elongate vo ids le ft 
behind (fig. 43). Th is  suggests that the orig ina l fir in g  in  the p o tte r’s k iln  m ig h t n o t 
always have been reducing enough so as to  prevent ox ida tion  o f  the graphite. The
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fragments o f  graphite  are sometimes in te rg row n  w ith  m inerals such as feldspars o r iro n  
silicates (figs. 44-45). I t  should be noted, however, tha t a few  o f  the crucibles (~5% ) d id  
n o t conta in  graphite  at all (fig. 49; see below).
Besides the graphite, crucib le  fabrics con ta in  20-25 v o l%  o f  o the r m inerals as 
inclusions (figs. 40-49). These are subangular and show  a m oderate degree o f  sphericity. 
W ith  the exception o f  some inclusions up to  1 m m  large, the diam eter o f  these is 
no rm a lly  be low  0.3 m m . A pp rox im a te ly  90%  o f  these m inerals are quartz and sodium - 
bearing potassium  feldspar, in  about equal p ropo rtions . In  the non-g raph itic  crucibles, 
quartz inclusions are m ore abundant. The  rest are grains o f  am phibo le , iro n  oxide, rare 
occurrences o f  plagioclase, apatite and m ica, as w e ll as m inu te  inclusions o f  ilm enite , 
ru tile  and zircon.
In  the biggest crucibles, even though the ir m a trix  com pos ition  falls w ith in  the 
same com positiona l range, the size and abundance o f  b o th  silicate and graphite 
inclusions are higher. O n  the contrary, the smallest vessels do n o t have graphite, and 
silicate inclusions in  them  are scarce and very small. Th is  suggests that sim ilar clays were 
processed d iffe rendy, possibly by levigation, depending on  the fina l products to  be 
m anufactured — an ind ica tion  o f  the degree o f  specialisation o f  these wares.
Based on established parameters o f  m ineralogy (H eim ann 1982; M aggetti 1982; 
H e im ann 1989) and S E M  observations (T ite  and M aniatis 1975; M aniatis and T ite  1981; 
T ite  et al. 1982a; T ite  et al. 1982b; T ite  et al. 1990), the fir in g  tem perature o f  the crucibles 
is estimated to  have been between 950 °C and 1050 °C. In  a recent experim enta l study 
conducted w ith  a non-calcareous il l it ic  clay tempered w ith  25 vo l%  o f  quartz-rich  sand, 
W o lf  (2002) recorded tha t plagioclase starts to  decompose above 900 °C and potassium  
feldspar is stable up to  about 1050 °C. The presence o f  residual plagioclase and the 
unaltered quality o f  feldspar inclusions in  the unused O berstocksta ll crucibles indicates a 
f ir in g  tem perature between those thresholds. C onsidering the especially re fractory 
qua lity  o f  the paste (see below), the m oderate degree o f  v itr if ic a tio n  o f  the m atrix  
fu rth e r supports th is fir in g  temperature estimate.
A t  firs t sight, the chem ical com positions o f  the ceram ic matrices show  a 
re la tive ly w ide  va riab ility , especially pronounced in  the sodium , sulphur, ca lc ium  and 
ch lo rine  concentrations, bu t also noticeable in  potassium , iro n  and phosphorus (Table 
1). H ow ever, the poss ib ility  o f  fabric contam ination  th rough  use and post-depos itiona l 
a lteration shou ld  be considered: in  particular, the positive  co rre la tion  between sod ium  
and ch lo rine  (O B  307, O B  494, O B  515, O B  520) suggests con tam ina tion  by  rocksalt
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(NaC l), perhaps used as a flu x  in  the crucibles, w h ils t tha t between su lphur and calcium  
(O B  286, O B  569) may indicate the absorp tion  o f  gypsum  (C aS 04 -2H20 )  fro m  the 
b u ria l environm ent. Unused crucibles w ith o u t evidence o f  s trong post-depositiona l 
a lteration show a m uch narrow er com positiona l range (Table 2). A  com m on  ceramic 
paste source may therefore be assumed fo r a ll the crucibles. The  s ligh t variations may be 
a ttribu ted  to  loca l geological va riab ility  as w e ll as to  the variable strategies o f  clay 
processing noted above (cf. B lackm an 1992; D ay et al. 1999; Buxeda i  G arrigos et al. 
2003), a lthough the poss ib ility  o f  some post-depos itiona l a lteration should n o t be ru led 
o u t — sign ificantly, the values show ing a h igher coe ffic ien t o f  va ria tion  in  the unused 
vessels are those fo r  sodium , phosphorus, potassium  and calcium , w h ich  are some o f  
the m ost like ly elements to  be affected by post-depositiona l processes (Freestone 2001; 
Buxeda i G arrigos et al. 2001; Schwedt et al. 2004).
The average com pos ition  o f  the ceram ic m atrix  as detected in  the unused 
crucibles (Table 2) indicates a substantial refractoriness. The alum ina concentra tion  is 
above 30 w t% , w ith  the sum o f  a lkali and earth alkali oxides be low  4 w t% . There is, 
however, a re latively h igh iro n  oxide content, reaching 5 w t%  in  average, whose 
in fluence on  the crucib les’ perform ance w ill be discussed below.
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NazO MgO Al20 3 Si02 P2O5 S02 Cl K20 CaO Ti02 FeO ZnO Sb20 3 PbO
OB 286 0.5 1.1 28.5 55.6 0.2 3.0 - 2.3 3.0 1.4 4.5 - - -
OB 288 0.1 0.6 33.1 58.7 0.4 - - 1.5 0.6 1.1 3.9 - - -
OB 290 0.2 0.7 32.2 57.5 0.2 - - 1.9 0.6 1.2 5.3 - - -
OB 307* 2.5 0.8 31.2 55.0 0.2 - 0 .7 5.5 0.6 1.2 2.4 - - -
OB 345* 0.4 0.5 30.4 57.4 0.3 3.3 - 2.1 0.6 1.3 3.6 - - -
OB 394 0.1 0.8 30.9 58.5 0.2 - - 2.3 0.6 1.3 5.3 - - -
OB 395 0.3 0.7 33.4 56.2 0.3 - 0.2 2.1 0.6 1.3 5.1 - - -
OB 466* 0.5 0.5 32.0 56.3 0.2 0.2 <0.1 2.5 0.7 1.4 5.6 - - -
OB 494* 2.5 1.2 29.3 55.4 0.3 - 1.2 7.2 0.6 1.2 1.3 - - -
OB 495* 0.2 0.4 32.7 53.9 0.4 - - 1.8 0.6 1.4 7.9 - - 0 .7
OB 515* 0.5 0.7 34.0 57.3 0.5 0.2 0.2 2.5 0.5 1.4 2.5 - - -
OB519F 0.3 0.7 33.9 56.2 0.4 - - 2.0 1.0 1.1 4.5 - - -
OB 520* 1.9 0.7 32.8 54.7 0.4 - 0.8 2.8 0.4 1.3 4.0 - - -
OB 560 0.2 0.7 30.8 56.9 0.2 - - 2.8 0.8 1.6 6.1 - - -
OB 569 0.3 0.5 34.4 56.0 0.3 0.6 <0.1 1.5 1.6 1.5 3.3 - - -
OB n001* 0.4 0.8 30.1 55.1 0.2 - - 2.5 1.2 1.5 7.1 0.2 1.0 -
Std. dev. 0.82 0.21 1.76 1.35 0.1 1.55 0.43 1.51 0.64 0.14 1.74 - - -
Coeff. var. 120 29.5 5.5 2.4 34.0 106.0 69.4 55.8 73.1 10.6 38.5 - - -
Table 1. Average composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices of 
different crucibles from Oberstockstall, with all detected elements. The star ( * )  denotes 
crucibles with evident traces of high-temperature use. The bottom rows show the standard 
deviation (a) and the coefficient of variation (% ) for each element. See Appendix 1 for detailed 
analytical results.
Na20 MgO a i2o 3 Si02 P2O5 K20 CaO Ti02 FeO
Mean (n=6) 0.2 0.7 32.4 57.3 0.3 2.1 0.7 1.3 5.0
Std. dev. 0.08 0.08 1.32 1.10 0.08 0.43 0.16 0.19 0.74
Coeff. var. 40.0 11.4 4.1 1.9 26.7 20.5 22.9 14.6 14.8
Max. 0.3 0.8 33.9 58.7 0.4 2.8 1.0 1.6 6.1
Min. 0.1 0.6 30.8 56.2 0.2 1.5 0.6 1.1 3.9
Table 2. Average composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices of 
unused crucibles without evidence of strong post-depositional alteration (OB 288, OB 290, OB  
394, OB 395, OB 519F, OB 560). The bottom rows show the standard deviation (o), the 
coefficient of variation (% ), and maximum and minimum values (w t% ). For compositions of 
individual crucibles, see Table 1 and Appendix 1.
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Figure 40. SE photo­
micrograph of an unused 
crucible at high 
magnification, showing an 
advanced stage of initial 
vitrification: clay platelets 
are buckling but the 
layered structure is still 
noticeable (OB 395/sl, 
800x).
Figure 41. BSE photo­
micrograph of a crucible 
at low magnification. The 
black elongate particles 
are graphite inclusions; 
dark grey inclusions are 
quartz, light grey ones are 
feldspar, white ones are 
zircon, ilmenite and rutile 
(OB 290/s 1, 50x).
1mm
Figure 42. Photo­
micrograph of a crucible 
showing abundant
graphite and silicate
inclusions (OB 519F/sl,
XPL, 50x, long axis 
represents ~ 2  mm).
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Figure 43. Photomicro­
graph of a cross-section 
including the outer surface 
of an unused crucible 
(left), where the graphite 
inclusions have burned off 
during firing. Note, 
however, the black 
smoking of the surface, 
discussed later (OB  
519F/sl, XPL, 50x, long 
axis represents ~2  mm).
Figure 44. Graphite 
inclusions intergrown with 
an iron silicate that is 
decomposing as a result of 
the high temperatures (OB  
395/s 1, BSE, 150x).
Figure 45. Another
graphite inclusion inter­
grown with silicates. The 
core is feldspar, the
brighter phases being
zircon and iron silicate 
(OB 520/sl, SE, 1 OOx).
600pm
300pm
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Figure 46. BSE photo­
micrograph of the ceramic 
fabric of one of the 
smallest crucibles,
showing the absence of 
graphite, and the scarcity 
and generally small size of 
silicate inclusions (OB 
569/s 1, lOOx).
600pm
600pm
Figure 47. BSE photo­
micrograph of a bigger 
crucible to the same scale, 
showing the presence of 
graphite as well as the 
higher concentration of 
silicate inclusions (OB 
395/s 1, lOOx).
Figure 48. BSE photo­
micrograph of one of the 
biggest crucibles to the 
same scale, with even 
bigger inclusions. Note
that the biggest ones were 
not included in the picture 
because they covered the 
whole field of view (see fig. 
45) (OB 520/s 1, lOOx).
600pm
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Figure 49. BSE photo­
micrograph of one of the 
few non-graphitic
scorifiers in the 
assemblage, showing a 
slightly higher
concentration of quartz 
inclusions (dark grey). 
Compare to fig. 47 (OB 
394/s 1, lOOx).
600|jm
6.2.2. Discussion
Starting w ith  the form al 
properties o f  the vessels, the triangular 
m outh  was an easy technical solution 
p rov id ing  three convenient spouts w h ich  
allowed handling and pouring w ith  tongs 
fro m  any direction. In  some o f  the 
crucibles, i t  can be seen that one o f  the 
pouring  spouts has been used to  decant 
slag, and another one fo r pouring  m olten 
metal. The fla t base and the absence o f  
d irect fir ing  traces indicate that these 
crucibles stood in  a chamber separate 
fro m  the fire  box w ith in  the assay 
furnace. Th is  ind irect heating mode 
prevented d irect contact between the fuel 
and the vessel, thus im prov ing  stability
Figure 50. Example of a I6 th-century assay 
furnace, showing the chamber separated from 
the fire box by a flat platform (marked with a 
‘C ’) (from Sisco and Smith 1951: 185, plate 
27).
117
Marcos Martin6n-Torres 6. The laboratory equipment from Oberstockstall
and c o n tro l w h ils t m in im is in g  con tam ina tio n  o f the c ruc ib le  charge and co rros ion  by 
fu e l ash (fig . 50)14. These fla t-b o tto m e d  crucib les, easier to  m ake in  large num bers on  a 
p o tte r’s w heel, d iffe r fro m  earlie r vessels tha t w ere to  s it w ith in  the uneven charcoal bed 
and, accord ing ly, w ere designed w ith  concave bases (Bayley 1996).
T he d iffe re n t sizes o f  the crucib les w ere m ost lik e ly  re la ted to  the vo lum e o f the 
charge to  be processed in  them . The body thickness was p robab ly  re fle c tin g  the 
expected w eights o f  the  loads. A  re la tive ly  th ic k  cruc ib le  w a ll w o u ld  also have p rov ided  
a b u ffe r fo r co rro s io n  by fluxes and h o t m eta l oxides, and indeed some o f the used 
crucib les appear co rroded  to  va ry ing  depths. H ow ever, to o  th ic k  a cruc ib le  w o u ld  make 
heat transfe r m uch slow er, as w e ll as it  w o u ld  increase the ris k  o f  fa ilu re  due to  a steep 
the rm a l g rad ien t th rough  the w a ll. A cco rd in g ly , we m ig h t in fe r th a t the idea l th ickness 
fo r a crucib le  w o u ld  be a com prom ise: as th in  as possib le, b u t w ith in  the lim its  set by 
the requ ired physica l strength  and s ta b ility  against co rros ion . I t  shou ld  be noted  th a t the 
crucib les are th icke r than m ost o f  the o th e r ceram ic vessels in  the assemblage, especially 
those vessels apparendy n o t designed fo r techn ica l use.
The re la tive ly  closed shape o f  the vessels w o u ld  fa c ilita te  the c o n tro l o f redox 
cond ition s . R eactions carried o u t in  the crucib les w o u ld  o fte n  requ ire  a reducing 
atm osphere, fo r exam ple the flu x in g  o f  ores resu lting  in  the p rim a ry  concen tra tion  o f 
the m etals (see be low , section 6.2.4). The  O berstocksta ll crucib les appear som etim es 
lidded  w ith  lu te , a recycled sherd, o r an up tu rned  sco rifie r, w h ich  w o u ld  fu rth e r lim it the 
presence o f  oxygen. P ossibly, these crucib les were used shut qu ite  frequen tly , in  
pa rticu la r w ith  up tu rned  sco rifie rs  as lids. T h is  w o u ld  exp la in  one o f the tw o  sym bols 
used to  represent crucib les in  the 18th-cen tu ry Hncyclopedie, w h ich  the rem ains fro m  
O berstocksta ll he lp  in te rp re t (fig . 51). O fte n  the ceram ic w a ll o f  the crucib les shows an 
orange o r b row n  co lo u r on the ou te r surface, and becom es grey tow ards the inside, 
show ing  tha t a lthough the atm osphere in  the furnace cham ber was ox id is ing , the 
reaction  inside  the vessels to o k  place in  reducing cond itions.
14 I f  operations required a more direct heating, the vessels could be protected by being placed under a 
muffle.
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Figure 51. Several ways of lidding a crucible documented in Oberstockstall, all of them showing 
recycling and the versatility of the tools. Clockwise from top left: a) a luted sherd; b) an 
upturned crucible bottom, luted; c) an upturned scorifier (left, as found; right, as reconstructed; 
inset, symbols representing crucibles in the Encyclopedic); d) a lump of lute, which was possibly 
used in combination with something else.
T u rn in g  to  the m ateria l properties o f the ceram ic fab ric , i t  was noted above tha t 
the chem ical com position  o f  the m atrices indicates the use o f  a the rm a lly  ra ther 
re fracto ry  clay, a very expedient qua lity  g iven tha t the vessels w ou ld  o fte n  be used at 
tem peratures reaching o r exceeding 1000 °C (see below , section 6.2.4). The question 
arises w hether th is  indicates a deliberate choice o f the m ost suitable clays fo r the 
crucibles, o r w hether refractoriness was a com m on qua lity  o f  the b u lk  o f the clay 
o rd in a rily  used by the potters. W hen com paring the chem ical com position  o f  these 
vessels to  those o f o the r artefacts fro m  the labora to ry, and to  o rd ina ry wares found  at 
the same site and others in  the reg ion, the ceram ic o f these vessels ranks am ongst the 
m ost re fra c to ry  ones (see sections 6.5 and 7.5). H ow ever, i t  should be noted th a t o the r 
artefacts th a t w o u ld  n o t be subjected to  such h igh tem peratures, in c lu d in g  ceram ic 
conta iners, were also made o f ra ther re frac to ry  ceram ics. Thus i t  seems tha t the 
ava ilab ility  o f  re frac to ry  clays was n o t a c ritica l issue, and tha t ‘b e tte r’ clays were 
ro u tin e ly  id e n tifie d  and used, ra ther than keeping them  fo r the the rm a lly  m ost 
dem anding techn ica l ceram ics.
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Figure 52. Two views of the clay sample from 
Obernzell at different magnification, showing the 
remarkable angularity of the silicate inclusions 
(O BZL clay/sl, BSE, top at 50x, bottom at 300x).
A  fu rth e r e ffe c t o f  the 
chem ical com position  o f  the 
a lum ina-rich  ceram ic m a trix  may 
have been therm al co n d u c tiv ity , and 
th is w ou ld  be benefic ia l fo r m ost o f 
the artefacts analysed — w hether 
crucibles, cucurb its o r cook ing  pots. 
Recent analyses o f  m odem  
re fracto ry  ceram ics (A k iyosh i et al.
2003) have dem onstrated tha t there 
is a pos itive  co rre la tion  between 
alum ina con ten t and therm al 
co nductiv ity . H ow ever, th is study 
was based on ceram ics w ith  alum ina 
concentrations at o r above 35 w t% , 
hence we have no real data 
extrapo la tive  to  the present case.
I t  was n o t easy to  discern 
w hether the silicate m inerals w ith in  
the m a trix  were a na tu ra l 
com ponent o f  the o rig ina l clay, o r
w hether they w ere a rtific ia lly  added by the crucib le  makers as tem per. A t firs t s ight, the 
shape o f these inclusions appeared ra ther angular, especially w hen com pared to  the 
clearly spheroid sand in  o the r contem porary crucibles (see chapters 8 and 9), w h ich  led 
the au thor to  hypothesise tha t they cou ld  constitu te  crushed m inerals m ixed w ith  the 
clay. H ow ever, s im ila rly  angular inclusions were id e n tifie d  upon exam ination o f  a clay 
sam ple fro m  O bernze ll, in  the reg ion w here these crucibles were o rig in a lly  though t to  
have been made (see chapter 7), in  p ropo rtion s  even h igher than those docum ented in  
the crucib les, hence it  seems feasible tha t these were present in  the o rig in a l clay (fig . 52). 
F u rthe rm ore , the  re la tive abundance o f d iffe re n t in c lus ion  sizes d id  n o t unam biguously 
suggest the b im oda l d is trib u tio n  typ ica l o f a rtific ia l tem per. H ow ever, i t  should be noted  
tha t the few  n on -g rap h itic  crucibles contained m ore quartz inc lus ions, in  spite o f  the 
s im ila r m a trix  com pos ition  (see discussion below ).
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W hether na tu ra l o r a rtific ia lly  added, the presence o f  angular inc lus ions w ith in  
the ceram ic w o u ld  be bene fic ia l fo r its  m echanical p roperties. Recent experim enta l 
studies o f  the effects o f  d iffe re n t tem per types on  the m ate ria l p roperties o f ceram ics 
(K ilik o g lo u  et al. 1998; T ite  et al. 2001) have dem onstrated th a t the presence o f  n o n ­
p lastic  inc lus ions helps arrest the p ropaga tion  o f  cracks developed upon  therm a l shock, 
p a rticu la rly  w hen they have an angular shape, as these inc lus ions stop and d e flec t these 
cracks and requ ire  m ore  energy fo r them  to  ca tastroph ica lly  expand th ro u g h  the ceram ic 
bodies. F o r the same reason, th is  type o f  inc lus ions w o u ld  also enhance the toughness 
o f  the vessels, i.e. the  resistance to  fractu re  due to  sudden im pacts, fo r  instance as 
caused by accidenta l m ishand ling  o r w hen de libera te ly s trik in g  the cruc ib le  fo r the liq u id  
m eta l to  co lle c t in  the b o tto m  (e.g. S m ith  and G n u d i 1990: 140).
S im ila r argum ents had been p u t fo rw a rd  by A n n  W oods (1986), and taken up by 
o th e r researchers (Freestone and T ite  1986; Freestone 1989; Bayley et al. 1991: 402) a fte r 
the SEM  exam inations o f a num ber o f  crucib les. Focussing on  quartz inc lus ions, these 
authors expla ined th a t th is  m inera l suffers a no tab le  increase in  vo lum e w hen heated 
th rough  573 °C in  the o rig in a l fir in g , in  the  la ttice  inve rs ion  o f  a - to  (3-quartz. U pon  
co o lin g  and co n tra c tio n , the quartz grains leave characteristic vo ids a round them selves 
and elongate cracks o r vo ids along the ceram ic body. Subsequendy, du ring  the h igh - 
tem perature use o f  the vessel, these vo ids w ill accom m odate the expansion o f the 
quartz. In  th is  sense, quartz grains cou ld  fu n c tio n  as a “ d im ensiona l s tab ilize r”  
(Freestone 1989: 159). In  the O berstocksta ll crucib les, how ever, con tra ry  to  o thers (see 
references above and chapter 9), the characteristic  elongate vo ids are n o t pa rticu la rly  
noticeab le, perhaps because the fle x ib le  g raph ite  inc lus ions arrest the p ropaga tion  o f 
cracks.
E ven i f  un in tended, th is  re la tive ly  lo w  p o ro s ity  o f the fa b ric  w o u ld  p robab ly  be 
bene fic ia l fo r the crucib les’ perform ance. F irsdy, since a ir is n o t a good con d u c to r o f 
heat, the lack o f  vo ids w o u ld  enhance the therm al co n d u c tiv ity  o f  the fa b ric  and 
decrease the therm a l g rad ient th rough  the cruc ib le  w a ll d u rin g  in itia l stages o f  fir in g  
d u rin g  use (cf. S ch iffe r and S kibo 1997: 605; S illa r 2003). Secondly, a denser m a trix  
w o u ld  he lp  p reven t the penetra tion  o f  fluxes and corrosive  m eta l oxides, as w e ll as p rills  
o f  m o lten  m eta l fro m  be ing trapped w ith in  the fab ric . T h is  w o u ld  be p a rticu la rly  
re levant i f  quan tifia b le  fire  assays were conducted.
T he  m ost special feature o f  m ost o f  these crucib les is th e ir g raph ite  con ten t. The  
presence o f g raph ite  in  the ceram ic paste w o u ld  have enhanced m ost o f  the techn ica l
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param eters o f  the crucib les. B eing one o f  the m ost stable m inerals under h igh  
tem peratures — it  does n o t m e lt b u t on ly  sublim ates at ca. 3500 °C  —, graph ite  w ou ld  
have co n trib u te d  to  the vessels’ the rm a l re fractoriness. A lth o u g h  graph ite  is ju s t an 
in c lu s io n  w ith in  the paste, thus n o t a ffe c tin g  the heat resistance o f  the m a trix  its e lf, the 
ra th e r h igh  p ro p o rtio n  o f  g raph ite  inc lus ions w o u ld  p robab ly  enhance the re fractoriness 
o f  the  fa b ric  a ltogether. F u rthe rm ore , due to  its  chem ical inertness, these crucib les 
w o u ld  rem ain s ig n ifica n tly  less attacked by the p o te n tia lly  co rrosive  charge and the 
fo rm in g  slag. I f  reacting  w ith  the charge — as seen in  som e o f the used vessels (see 
be low ) —, it  w o u ld  also be favourab ly, in  th is  case to  in h ib it o x id a tio n  o r favou r 
reduction , since graph ite  is pure carbon. A lth o u g h  the m echanical behaviour o f  g raph ite  
as ceram ic tem per rem ains un investigated, we may assume th a t its  p la ty  shape and flaky 
fractu re , toge ther w ith  the toughness o f g raph ite  speckles in  the  lo n g  axis, cou ld  m ake it  
idea l fo r p reven ting  the p ropaga tion  o f p o te n tia lly  fa ta l cracks across the body o f  the 
fab ric , as is the case o f m ica (T ite  et al. 2001), w h ich  has a very s im ila r crysta llograph ic 
structure . T h is  w o u ld  very s ign ificandy increase b o th  the toughness and the therm al 
shock resistance o f  these crucib les. T he  p o te n tia lly  ca tastroph ic expansion and 
co n tra c tio n  o f  ceram ics w ith  changing tem peratures w o u ld  also be s ign ificandy lo w e r in  
g ra p h itic  fabrics (D um a and Ravasz 1976). F u rthe rm ore , g iven  the fle x ib ility  o f  g raphite  
flakes, the presence o f  these inc lus ions m ay have enhanced the tensile strength  o f  the 
vessels {i.e. the resistance to  fractu re  due to  sustained pressure), w h ich  tends to  be the 
m ain weakness o f  ceram ics heavily tem pered w ith  aplastics (K ilik o g lo u  et al. 1998; T ite  et 
al. 2001)15. Since these crucib les o fte n  had to  be qu ick ly  rem oved fro m  the furnace fo r 
pou ring  w h ile  h o t and h o ld in g  considerab ly heavy loads, these m echanical p roperties 
w o u ld  be very advantageous. G ra p h itic  crucib les are tra d itio n a lly  repo rted  as extrem ely 
resistant to  therm al shock and capable to  w iths tand  repeated runs (Percy 1875: 122). 
F in a lly , g raph ite  being an exce llen t heat conducto r, i t  w o u ld  im p ro ve  the therm al 
co n d u c tiv ity  o f  the vessel, hence a llow ing  steeper heating rates and savings on  tim e  and
15 Laboratory measurements o f  the material properties o f  graphite-tempered ceramics are eagerly expected 
(but see Dum a and Ravasz 1976). One aspect deserving specific attention is the tensile strength o f  these 
vessels. Studies so far suggest that, in most tempered ceramics, there is a negative correlation between, on 
the one hand, thermal shock resistance and toughness, and, on the other hand, tensile strength. I t  is 
suspected that graphite might constitute an exception, improving all three properties. In  the measurement 
o f the tensile strength, it would be necessary to consider whether the crucibles were manipulated either by 
‘pinching’ the rim  or by embracing the whole body with tongs, as well as different charge weights and 
temperatures. Finite element analyses could provide a useful methodology to assess this (cf. Kilikoglou  
and Vekinis 2002).
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fue l. The  co u n te rp o in t o f  th is  aspect w o u ld  be the qu icke r co o lin g  rate o f the crucib les, 
i f  the co n te n t had to  be poured.
T w o  im p o rta n t questions emerge. F irs tiy , was graph ite  na tu ra lly  present in  the 
clay, o r was i t  de libera te ly added? Secondly, w ere po tte rs and cruc ib le  users aware o f the 
e ffects o f  g raph ite  inc lus ions in  the m ate ria l p roperties o f  the  fabrics?
A t firs t sigh t, i t  is te m p tin g  to  believe th a t g raph ite  was a rtific ia lly  added to  the 
clay. T h is  idea w o u ld  be supported by the presence o f  some crucib les tha t, w h ils t 
show ing  the same m a trix  chem ical co m pos ition  (Table 3) and types o f  silicate inc lus ions 
as the others, do  no  bear any g raph ite . G iven  th a t no n -g ra p h itic  crucib les show  a h igher 
concen tra tio n  o f  quartz inc lus ions (figs. 47 and 49), we cou ld  conclude th a t some 
crucib les were tem pered w ith  graph ite , whereas others were tem pered w ith  silicates.
Na20 MgO a i2o 3 S i02 P20 5 K20 CaO T i0 2 FeO
OB 395 0.3 0.7 33.4 56.2 0.3 2.1 0.6 1.3 5.1
O B 519F 0.3 0.7 33.9 56.2 0.4 2.0 1.0 1.1 4.5
OB 290 0.2 0.7 32.2 57.5 0.2 1.9 0.6 1.2 5.3
OB 288 0.1 0.6 33.1 58.7 0.4 1.5 0.6 1.1 3.9
OB 560 0.2 0.7 30.8 56.9 0.2 2.8 0.8 1.6 6.1
OB 394 0.1 0.8 30.9 58.5 0.2 2.3 0.6 1.3 5.3
Table 3. Average composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices of 
different crucibles. The four top rows represent graphitic crucibles, whereas the bottom ones 
are made of non-graphitic fabrics. The slight differences in alumina and potash may be related 
to varying abundance of potassium feldspar, but all the crucibles may reasonably be included 
within the same compositional group.
T here are, nevertheless, archaeological and h is to rica l reasons to  argue against 
th is  supposition . F irs t o f  a ll, none o f  the num erous 16th-cen tu ry  and earlie r w ritte n  
sources review ed m en tion  the a d d itio n  o f g raph ite  to  clay as tem per — n o t even do they 
re fe r to  graph ite  as such at a ll. T h is  is su rp ris ing  i f  we bear in  m ind , fo r exam ple, 
B irin g u cc io ’s, A g rico la ’s and E rcke r’s fa m ilia rity  w ith  C en tra l E uropean chym istry  and 
m eta llu rgy, the references to  ‘V ienna ’ crucib les m ade in  the Probierbiichlein (Sisco and 
S m ith  1949: 110) and De la pirotechnia (S m ith  and G n u d i 1990: 72) u\  and th e ir e x p lic it 
and de ta iled  descrip tions o f  o the r tem per types fo r  cruc ib le  m aking, such as sand, g rog  
o r crushed fire d  b ricks  (see chapter 10.2). W e know , in  con trast to  th is , the  apprec ia tion
16 Cotter (1992: 266) refers to these as “graphitic Vienna crucibles” , although there is as yet no evidence 
to prove that these vessels were graphitic, or indeed equalling those used in Oberstockstall, some 40 km  
from Vienna.
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show n by B avarian po tte rs — producers o f crucib les and o th e r b lack wares — , to  
Tiisentachen ’ (‘iro n  clay’), a te rm  th a t m ay w e ll o rig ina te  fro m  the dark, sh iny lustre  o f the 
existing  na tu ra lly-bearing  g raph ite  clay deposits (Bauer 1983 and section 7.2). I f  g raph ite  
was de libera te ly added to  the clays, we cou ld  presum e th a t po tte rs  d id  so because they 
appreciated some o f  the resu lting  techn ica l advantages. H ow ever, fo llo w in g  th is lin e  o f  
reasoning, then one cou ld  ask w hy they le ft some crucib les untem pered.
T h is  leads us to  the second question: w he ther na tu ra lly  o r a rtific ia lly  g raph itic , 
w ere these clays p a rticu la rly  valued as the m ost suitable fo r techn ica l ceramics? W ith in  
the  analysed sam ple o f  the O berstocksta ll assemblage, and in  com parative 
archaeological ceram ics fro m  nearby O bem ze ll, h igh -g raph ite  ceram ics appear 
inva ria b ly  used fo r crucib les and sco rifie rs (see section 6.5 and chapter 7). T h is  cou ld  be 
taken as an in d ica tio n  th a t the m ost suitable clays were id e n tifie d  and reserved fo r the 
therm a lly , chem ically and m echanically m ost dem anding wares. T he in te rp re ta tio n  is n o t 
so s tra igh tfo rw a rd , though . O n  the one hand, g ra p h itic  ceram ics have been recorded in  
m edieval and early m odem  dom estic p o tte ry  fro m  o th e r A us tria n  sites (D um a and 
Ravasz 1976; H ebe rt and Lehner 1995), and seen by the au tho r in  the Keramikmuseum in  
O bem ze ll. O n  the o th e r hand, as noted  above, some o f the crucib les are n o t g raph itic .
T h is  co m b ina tion  o f  factors suggests th a t na tu ra lly  g ra p h itic  clays were selected 
— p robab ly  id e n tifie d  by th e ir appearance —, b u t there are no reasons to  assume tha t 
16th-cen tu ry po tte rs  had ye t made the lin k  between these clays and the m inera l g raphite . 
By experience, and necessarily th rough  feedback between m anufacturers and end users, 
it  w ou ld  be realised th a t those crucib les made o f  ‘dark clays’ pe rfo rm ed  be tte r than 
others, w h ich  m ig h t have led to  progressively reserve g ra p h itic  clays fo r techn ica l 
ceram ics. T h is  may have been a re la tive ly  lo n g  process, n o t no ticed  at once, w h ich  
w o u ld  exp la in  w hy, in  spite o f  th is  trend , there is no  clear-cu t d iv is io n  betw een 
te ch n ica l/g ra p h itic  and o rd in a ry /n o n -g ra p h itic  ceram ics. T h is  hypothesis w ill be fu rth e r 
discussed in  section 7.2.
A s regards the surface sm oothen ing o f  the crucib les, several explanations m ay 
be proposed, w h ich  are n o t m u tua lly  exclusive. T o  sta rt w ith , th is  sm oothness w o u ld  
fu rth e r enhance the vessels’ resistance to  chem ical a ttack o r m eta l loss, by reducing  the 
surface area and, hence, the p o ss ib ility  o f pene tra tion  by the charge (Bayley et al. 1991: 
404). A n o th e r techn ica l advantage o f th is w o u ld  be tha t, u pon  v itr ific a tio n , th is  th in  
layer o f  fin e  clay w o u ld  fo rm  a coating tha t w o u ld  h in d e r the  b u rn in g  away o f  g raph ite  
inc lus ions reacting  w ith  any free oxygen in  the furnace cham ber. B o th  o f  these
124
Marcos Martin6n-Torres 6. The laboratory equipment from Oberstockstall
hypotheses are suggested by John Percy (1875: 123) in  his discussion o f g ra p h itic  
crucib les — the la tte r w ou ld , how ever, leave th is  sm oothen ing  unexpla ined fo r the case 
o f  the n o n -g ra p h itic  crucib les. A  th ird  p o ss ib ility  comes fro m  the m odem  cruc ib le - 
m aking  in d u s try  (pers. com m . Paul E ncoyand, B udget C asting Supply, 2003). Some 
m odem  crucib les com e fro m  the fac to ry  w ith  a pa in ted -on  coa ting  th a t p ro tects the  
vessel fro m  m o istu re  abso rp tion  d u rin g  in itia l storage and sh ipp ing . O thers con ta in  
add itives th a t s in te r o r fuse on  the surface a fte r the firs t fir in g  to  he lp  p ro te c t against 
m o is tu re  and m eta l m ig ra tion . C rucib les th a t have absorbed m o is tu re  can fa il o r explode 
d u rin g  the firs t use at tem peratures as lo w  as 200 °C , even i f  heated slow ly, possib ly as a 
resu lt o f w ater vapou r trapped w ith in  the re la tive ly  dense fab ric .
T h is  is n o t to  say th a t any o f  these reasons is necessarily beh ind  the choice o f 
sm ooth  surfaces in  the crucib les fou n d  in  O berstocksta ll. In  fact, the au tho r is in c lin e d  
to  consider tha t the  m ain fa c to r leading the po tte rs  to  m ake th e ir crucib les sm ooth  was 
a concern w ith  the external appearance o f  the  vessels, as discussed in  the fo llo w in g  
section.
6.2.3. Black crucibles and blue jeans: appearance matters
T oge ther w ith  the surface sm oothness, the m ost no tab le  external feature o f  the 
crucib les is th e ir co lou r. T he  co lo u r o f  a cruc ib le  is p rim a rily  a fu n c tio n  o f  the  fab ric  
com pos ition  and the fir in g  cond ition s , p rov ided  tha t there is no  o th e r trea tm ent a fte r 
firin g . The co lo u r can be changed in  a re la tive ly  sho rt tim e , hence the surface co lo u r o f 
the ceram ic in fo rm s  o n ly  about the cond ition s  o f  the last stages o f  th e ir last firin g . T h is  
is co rrobora ted  by some o f the used crucib les, w hose surfaces appear in  shades o f  red — 
due to  the o x id a tio n  o f  the  iro n  con ten t in  the fa b ric  — b u t w here graph ite  has rem ained, 
in d ica tin g  tha t the o x id is ing  cond ition s  were n o t kep t fo r a lo n g  pe riod  (fig . 53). M ore  
s ig n ifica n tly , some o the r crucib les are b lack, i.e. have been reduced fire d , b u t g raph ite  
has apparen tly burned away in  an earlier, o x id is ing  stage (fig . 43, p. 115).
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Figure 53. The photomicrograph on the left shows the fabric of a crucible where the oxidising 
atmosphere resulted in the colour of the paste turning red, but it did not burn away the 
graphite. In contrast, the photomicrograph on the right shows a crucible where the oxidation 
starting from the outer surface (bottom of the image) progressively caused the red colour but 
also the burning away of graphite inclusions (left, OB 515/sl, sXPL; right, OB 495/si, XPL; both 
at 50x, long axis represents ~2 mm).
W ith  the exception o f  the very sm all, hand m oulded vessels, the surface co lou r 
o f  the unused crucib les fro m  O berstocksta ll is dark grey o r black, a lthough o ften  
show ing lig h te r patches (fig . 37, p. 109). T h is  is a resu lt o f a sm oky firin g , possib ly the 
e ffe c t o f  adding grass o r any o the r p o o rly  com busting  m ateria l to  the p o tte r’s k iln  in  
o rder to  make an atm osphere rich  in  hydrocarbons, w h ich  w o u ld  add the blackening 
soot to  the vessels’ surface. A t early stages o f  th is  research, th is  co lo u r was in te rp re ted  
as a consequence o f  having to  fire  the crucibles in  reducing cond itions, in  order n o t to  
bum  away the graph ite  inclusions. The blackness w ou ld  thus be sim p ly a side-e ffect o f 
another technical requirem ent. The fact tha t a sm all pa rt o f the graph ite  appears to  have 
burned o f f  in  some o f the unused crucibles w o u ld  suggest th a t the necessary reducing 
cond itions were e ithe r n o t easy to  achieve o r to  co n tro l. E xperim enta l firin g s  o f 
reproductions o f m edieval po tte ry  (e.g. D aw son and K e n t 1987) have show n tha t the 
c o n tro l o f reducing cond itions fo r decorative purposes is re la tive ly  easy. H ow ever, w ith  
increasing tem peratures, the ox ida tion  o f  g raphite  is m ore readily reached (X iaow e i et al.
2004), hence p reventing  the bu rn ing  away o f  graphite fo r  p ro longed firin g s  m ig h t have 
been m ore d iffic u lt than sim ply ob ta in ing  a b lack surface co lour.
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The p rob lem  was tha t the in te rp re ta tio n  o f  the b lack co lo u r as an unavoidable 
side-e ffect o f  the m anufacture d id  n o t expla in w hy those crucibles n o t con ta in ing  
graphite  had been blackened as w e ll (fig . 54). G iven  the s im ila rity  in  appearance, 
chem ical com position  and m inera l inclusions (w ith  the exception o f  graphite) between 
the tw o  types o f crucib les, i t  seemed acceptable th a t they had been made in  the same 
reg ion, p robab ly by the same producer. In  any case, fo r these crucib les, the b lack co lou r 
cou ld  n o t be explained as accidental.
Figure 54. Left, photomicrograph of crucible OB 395 showing graphite inclusions (black 
phases), silicate inclusions (translucent phases) and the surface blackening (bottom). Right, 
photomicrograph of crucible OB 560, where there is no graphite but the surface has been 
blackened (both images XPL, 50x, long axis represents ~2 mm).
I f  m odem  com m ercia l concepts are b rough t up to  expla in th is deliberate 
b lackening o f  the crucibles, the idea o f a p o tte r try in g  to  deceive by m ix ing  some 
cheaper, non -g rap h itic  crucibles w ith in  the stock w o u ld  appear tem pting . In te resting ly, 
an order was issued in  15th-century V ienna w hereby it  became m andatory th a t a ll the 
b lack wares in  the m arket should bear m aker’s stamps, and th is  may attest the existence 
o f coun te rfe it im ita tions  o f  some po tte ry  types (von M o lth e in  1910: 389). H ow ever, i f  — 
contra ry to  the argum ents above -  po tte rs d id  clearly d is tingu ish  between g raph itic  and 
n on -g rap h itic  clays, then we should expect the users to  be able to  recognise them  too. 
As soon as one o f these crucibles was broken, the deceit w ou ld  be uncovered, the w o rd  
spread, and the supposedly cunn ing business w ou ld  qu ick ly  becom e unp ro fitab le .
A  m ore daring in te rp re ta tio n  may be raised, w h ich  w o u ld  require  abandoning 
the present-day ‘lo g ic ’ and try in g  to  understand the 16th-cen tury way o f  th in k in g  tha t 
conceived and perceived these crucibles. O u r m odern understanding o f  m a tte r te lls  us 
th a t some im p o rta n t technica l advantages o f these vessels w ere achieved by using clay 
con ta in ing  g raph ite , a crystallised a llo trope  o f  carbon w ith  p a rticu la r chem ical and
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m echanical characteristics. T h a t they tend to  be b lack is an accidenta l, u n im p o rta n t 
feature o f these crucib les resu lting  fro m  th e ir g raph ite  con ten t and the fir in g  in  reducing  
cond ition s . W ha t makes the cruc ib le  good is the g ra p h itic  ‘m a tte r’ conta ined in  the 
fa b ric , and n o t the b lack ‘q u a lity ’ . F o r a Renaissance person, how ever, the log ic  m ig h t 
have been d iffe re n t, and perhaps the b lack co lo u r cou ld  in  fact be seen as a techn ica l 
feature a ffe c tin g  the perform ance o f  the crucib les. A t th is  tim e , the A ris to te lia n  
w o rld v ie w  and the co rrespond ing  theo ry o f  m a tte r were s till w ide ly  accepted. A cco rd in g  
to  th is  v iew , w ha t m ade th ings d iffe re n t fro m  each o the r, w ha t rea lly counted, was n o t 
m a tte r — w h ich  was one and on ly , m a in ly  m anifested in  fo u r elem ents — b u t the 
a ttribu tes  o f  m a tte r (see section 1.2). I t  fo llo w s  tha t, fo r them , w ha t m ade these 
crucib les special m ay have been the b lack and lustrous q ua lity  ra the r than ‘the m a tte r’ 
w h ich  made them  black. M aybe they were m aking  crucib les th a t looked  alike in  the 
b e lie f th a t they w o u ld  p e rfo rm  alike. F o r us, a ll the crucib les looked  equal and were on ly 
d iscrim ina ted  a fte r m icroscop ic  exam ination . F o r a Renaissance m an, they looked  equal 
and, possib ly as a resu lt o f  th is , they w ere equal indeed.
O th e r aspects o f  the m anufacture  and use o f the O berstocksta ll equipm ent 
show , in  con trast, a ra the r m odem  understand ing  o f the therm ochem ica l behaviour o f 
d iffe re n t m ateria ls, p robab ly  acquired by experience (see section 6.2.4). In  th is  sense, the 
im portance  g iven to  the appearance o f  the crucib les cou ld  illu s tra te  the very in te lle c tu a l 
atm osphere o f  the  tim e , w here ‘the o ld ’ and ‘the new ’ were s till coexisting , o n ly  s ta rting  
to  clash. The  observations carried o u t d u rin g  these experim ents w o u ld  lead, in  the long  
run  and w ith  m uch struggle, to  the abandonm ent o f  the A ris to te lia n  theory o f m atte r, 
b u t th is step was com plex and perhaps in  16th-cen tu ry O bers tocks ta ll i t  was n o t fu lly  
accom plished.
The explanation o f  the b lack co lo u r o f  the crucib les in  A ris to te lia n  term s was a 
very use fu l ‘w o rk in g  hypothesis’ th a t m ade the au tho r fu lly  aware o f  the need fo r 
avo id ing  present-day categories and assum ptions in  the in te rp re ta tio n  o f  a society th a t 
d id  n o t necessarily th in k  in  the same way as we do. T h is  van tagepo in t is use fu l and it  
w ill be ke p t as a general prem ise, b u t a lo o k  at the assemblage fro m  a w id e r perspective 
led the a u th o r to  question the o rig in a l exp lana tion m ade in  pu re ly  A ris to te lia n  term s. 
T h is  hypothesis is challenged by the fac t th a t some o rd ina ry  ceram ics o f  the  same reg ion  
and p e rio d , in c lu d in g  containers and cook ing  pots, show  a ve ry  s im ila r b lack lustre , even 
though they w o u ld  n o t have been subjected to  the therm a l, chem ica l and m echanical 
stresses usual fo r  the  triangu la r crucib les (see fig . 25 and section  6.5). I t  can thus no
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longer be argued th a t the b lack, lustrous qua lity  was seen as a fa c to r specifica lly 
enhancing the fu n c tio n in g  o f  h igh-tem pera tu re  ceram ics. A t m ost, th is  q ua lity  w o u ld  be 
seen as ‘generally good ’ fo r any k in d  o f po tte ry . S till, i t  was clear th a t co lo u r was a 
choice. W hy was care taken in  m aking a ll the crucib les lo o k  alike? Y e t another 
hypothesis may be suggested.
F ro m  the perspective o f  m akers and users, p o tte ry  has “ three d ire c tly  
pe rcep tib le  characteristics w h ich  fo rm ed  the basis upon  w h ich  i t  was conceptualised and 
classified. These are textu re , co lo u r and shape”  (C um berpatch 1997b: 126). E ven i f  
o th e r aspects such as the w e igh t o f  the  vessels, th e ir ‘rin g ’ w hen struck w ith  a finge r, the 
p rice  o r even the repu ta tion  o f  the m erchant cou ld  be considered, those three w o u ld  be 
the basic factors fo r a custom er to  id e n tify  one o f  a k in d  w ith in  a range, and possib ly 
choose it. W e can categorise the three o f  them  a ltoge ther and, in  the case o f  the 
crucib les fro m  O berstocksta ll, we w ou ld  have a set o f  features — sm ooth , b lack and 
triangu la r — tha t represented the cruc ib le  as such and perhaps stood fo r  a m ore com plex 
set o f qualities. The  appearance o f  these crucib les cou ld  thus be a s ign ifie r. M odem  blue 
jeans m ay be used as a suitable exam ple to  illu s tra te  th is17.
D e n im  trousers were usual fo r w o rkm en  in  the 1860s. The m ain in n o va tio n  and 
advance to o k  place w hen L e v i Strauss and Jacob D avis designed and patented the use o f 
m eta l rive ts  at the po in ts  o f stra in , such as the pocke t com ers and the base o f  the b u tto n  
fly , in  o rde r to  strengthen the trousers. T h is  was the feature patented in  1873 th a t m arks 
the in ve n tio n  o f  b lue jeans (D ow ney 2001; L e v i Strauss &  C o 2001). O th e r ‘techn ica l’ 
assets were doub le  hems o r an especially s trong  fa b ric  fro m  M anchester, N ew  
H am pshire. The b lue co lo u r was due to  the use o f  the p a rticu la rly  cheap in d ig o  dye, 
w h ich  tu rned o u t to  be advantageous in  tha t i t  d id  n o t show  d ir t as m uch as natura l, 
unco lou red  denim . B lue, how ever, became the s ig n ifie r by w h ich  custom ers w o u ld  
id e n tify  a w ho le  package o f qualities — ‘b lue jeans’ were the good, s trong  ones, read ily 
recognisable by anyone. In  the 1930s, L e v i Strauss &  C o adopted the cow boy as an 
advertis ing  icon , hence fu rn ish ing  the b lue jeans w ith  a new  conno ta tion : the  rugged 
in d iv id u a lism  o f the cow boy (by th is  tim e, pa rticu la rly  in  h is H o llyw o o d  inca rna tion ). 
P rogressively, the o the r qualities lo s t preponderance and, by the 1970s, few  people 
w o u ld  kn o w  th a t the ‘essence’ o f jeans were the m eta l rive ts  and o th e r strengths. In  the 
lo n g  m n , ‘b lue  jeans’ w ere no longer made o f denim , they w ere co lou red  w ith  syn the tic
17 I  am very grateful to Thilo  Rehren, who brought up this simile, sparking o ff  my curiosity about the 
history o f  blue jeans and its relation to crucibles.
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dyes and they d id  n o t necessarily have rive ts. N onetheless, b lue rem ained as the 
co n d itio n  sine qua non fo r jeans to  be conceptualised, classified and dem anded. C o lo u r 
rem ained a s ig n ifie r, even i f  the s ign ified  m eaning was d ilu te d  o r even had changed — 
now , to  denote ‘ fash ion ’ . O n ly  recently have people started to  p roduce and buy jeans in  
o th e r co lours, and th e ir use s till is a fash ion statem ent: some custom ers choose 
a lte rna tive  co lours precisely because they are not b lue, w h ich  emphasises tha t co lo u r s till 
m atters.
W hat does th is  have to  do w ith  the O berstocksta ll crucibles? The s ign ify ing  
a ttribu tes  ‘triangu la r, sm ooth  and b lack ’ — lik e  ‘jeans, rive ted  and b lue ’ — seem to  stand 
fo r  a m ore convo lu te d  set o f qualities. G ra p h itic  o r n o t, b lack crucib les cou ld  be 
perceived as the ones fro m  a pa rticu la r supp lie r, m aybe the same th a t had a repu ta tion  
fo r  p roducing  b lack wares fo r centuries (see chapter 7). A lth o u g h , in  practice , th e ir 
perform ance w o u ld  d iffe r as a resu lt o f d iffe re n t inc lus ions w ith in  the fa b ric , th e ir 
m ateria l p roperties cou ld  be expected to  be generally acceptable. They were ‘the ’ black, 
sm ooth, triangu la r crucib les; qu ite  possib ly, ‘the w e ll-kn o w n ’ b lack, sm ooth, triangu la r 
crucib les th a t a consum er w o u ld  lo o k  fo r in  the  m arket o r in  the labo ra to ry  stock, 
w h ichever the reasons fo r th is  in  any g iven con text.
S tudying patterns o f  p o tte ry  p ro d u c tio n  and consum ption  in  present-day 
A ndean com m unities, B ill S illa r (1997; 2000b) has show n the cruc ia l ro le  o f  acquired 
cu ltu ra l values w hen choosing a p o t in  the m arket, and how  some read ily id e n tifia b le  
features such as co lo u r and fin ish  are taken as sign ifie rs o f the  ‘reputab le  p o t’ — the p o t 
w h ich  you know  th a t ‘w o rks ’ —, and u ltim a te ly  determ ine the choice. F o r m ost A ndean 
peoples, fo r exam ple, the red co lo u r is taken as an in d ica tio n  th a t the p o t is strong, ‘w e ll 
fire d ’, and th is  leads some po tte rs  take extra care in  adding a red s lip  o r salt glaze to  
m ake sure th a t th e ir p o tte ry  is red. F o r 16th-cen tu ry O berstocksta ll, the exten t to  w h ich  
these associations were conscious o r unconscious, as w e ll as the precise set o f  qua lities 
re la ted to  the im m ediate appearance o f  the crucib les, rem ain to  be c la rifie d  in  m ore 
deta il. N onethe less, th is  seems a feasible explanatory fram ew ork, w h ich  takes in to  
account the  in te ractions people-people and people-artefacts (c f. S ch iffe r and Skibo 
1997: 31). F u rthe rm ore , S illa r’s study p o in ted  o u t the d is tin c tive  standard isa tion and 
conservativeness o f  the various po tte ry  p roduc ing  com m un ities, each m arke ting  a 
lim ite d  range o f  ‘trade-m ark’ designs — even w hen capable o f  m aking  others — th a t h o ld  
th e ir respective repu ta tion . A  resu lt o f th is  is th a t the  custom er, even w hen o fte n  
unaware o f  its  provenance, iden tifie s  a p o t as a p a rt o f  a g roup  o f  wares p rev ious ly  used
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and possib ly liked . A ga in  a para lle l w ith  the O berstocksta ll case appears tem p ting  since, 
as w ill be discussed in  chapter 10, the ‘triangu la r, b lack, sm ooth ’ crucib les qu ite  p robab ly 
had to  com pete in  the m arket w ith  another m a jo r g roup  o f crucib les, also triangu la r, b u t 
rough  in  surface and b rig h t in  co lou r.
The  fo rm a l p roperties o f  an a rte fact are a p ro d u c t o f  techno log ica l choices, and 
i t  makes litt le  sense try in g  to  separate those o u t as e ithe r fu n c tio n  o r style, since these 
are n o t m u tua lly  exclusive categories (S ch iffe r and Skibo 1997; S illa r and T ite  2000). 
B eh ind  d iffe re n t choices there is a range o f  reasons, co nd ition ed  by m ateria l factors as 
w e ll as by con tinge n t social, cu ltu ra l and h is to rica l dynam ics; reasons re lated to  the 
artefacts them selves b u t also to  those p roduc ing , se lling, buying  and using them . W hat a 
p roducer in tends o r w ha t an end user expects, are very m uch dependent on  factors 
outside w ha t we m ay consider pu re ly techn ica l needs — even these needs are re la tive  to  
specific  contexts, and are very like ly  to  change th ro u g h  tim e. In  another study 
suppo rting  th is  v iew , D a v id  G aim ster and Beverley N e n k  (1997) have persuasively 
argued tha t an im p o rta n t d riv in g  fo rce  beh ind  the tran s fo rm a tio n  o f the E ng lish  
ceram ic m arket between 1450 and 1550 was a process o f socia l em ula tion . A s ceram ic 
u tensils, fix tu res  and fittin g s  acquired a cen tra l ro le  in  the households, lo w e r m idd le  
classes aspired to  em ulate a cosm opo litan  e lite  th a t displayed th e ir ‘C on tinen ta l 
Renaissance cu ltu re ’, using p o tte ry  as a p rin c ip a l m edium . T h is  p rom p ted  a rise in  
im p o rte d  wares, b u t also an increased d ive rs ity  in  the na tive  ceram ic p ro d u c tio n . 
Focussing on  post-m edieva l ceram ics fro m  Y o rksh ire  and H um berside, C hris 
C um berpatch (1997b; 2003) has a ttem pted to  d ive rs ify  th is  p ic tu re  by stressing th a t n o t 
on ly  the em ula tion  o f  con tinen ta l goods b u t also in trin s ic  cu ltu ra l factors and 
custom ers’ expectations played a pa rt in  the transfo rm a tion  o f  the E ng lish  ceram ic 
tra d itio n , a lthough th is  study fa iled  to  id e n tify  specific a lte rna tive  m o tiva tions. In  any 
case, these approaches evince tha t appearance m atters, and th a t th is  is a p ro d u c t o f  a 
“ recursive”  and “ re flex ive ”  nego tia tion  w h ich  depends on  the social co n te x t w h ile  
exe rting  an in fluence  on it  (C um berpatch 1997a; 1997b). I f  th is  was the case fo r 
dom estic p o tte ry , then, surely, sym bolic and cu ltu ra l issues m ust have been at stake in  
the p ro d u c tio n  and consum ption o f  the p o tte ry  used in  such n o tio n a l a w o rld  as 
chym istry.
131
Marcos Martinon-Torres 6. The laboratory equipment from Oberstockstall
6.2.4. Crucibles at use: more on performance
The above discussion o f the vessels’ appearance and the way they w ou ld  be 
perceived by p o te n tia l consum ers relates to  the w ide r perform ance o f the crucibles: how  
the crucib les are perceived and, eventually, w hether they are purchased, is cond itioned  
by techno log ica l choices b u t u ltim a te ly  depends on the specifics o f the social, cu ltu ra l 
and econom ic context. S im ila rly, the perform ance o f the crucib les w h ile  at use at the 
labora to ry  ought to  be addressed.
Some o f these aspects have already been discussed. F o r exam ple, i t  was 
m entioned above th a t the fla t base o f  the crucib les can be related to  th e ir use in  a 
furnace w ith  in d ire c t firin g , as is typ ica l fo r fire  assays. H ow ever, i t  should be noted tha t 
the crucibles d id  n o t no rm a lly  s it 
d irectly  on the furnace plate, b u t on 
bricks o r “ crucib le  bases”  such as those 
m entioned by E rcke r (e.g. Sisco and 
S m ith 1951: 180) and illu s tra ted  by 
B iringucc io  (e.g. S m ith  and G nud i 
1990: 292-293, figs. 45 and 46). In  
O berstocksta ll, m any o f the crucibles 
show evidence o f  use w h ile  s ittin g  on a 
th ick  lum p o f clay o r a b rick  o f litd e  
re fractoriness, w h ich  turned  in to  a 
viscous paste under the h igh 
tem peratures (fig . 55). I t  is like ly  tha t
th is flex ib le  base w ou ld  enhance the
. . . . . .  Figure 55. Example of a vessel sitting on a less
vessels s tab ility , as some operations refractory <crucib|e base-.
requ ired  s tirring , o r the add ition  o f
new  m ateria l to  the charge, w h ils t the crucib le  rem ained in  the furnace. I f  a vessel had to  
be tem pora rily  taken o u t o f the furnace, fo r exam ple to  rem ove a sample and check the 
e vo lu tio n  o f the process (e.g. Sisco and S m ith 1949: 141), the viscous base w o u ld  
alleviate the possible im pact o f  the h o t crucib le  on the hard furnace plate w hen the 
vessel was p u t back in to  the cham ber. F ina lly , th is  base w o u ld  also fac ilita te  a m ore even 
heat transfer, w h ile  liftin g  the crucib le  to  the upper and h o tte r area o f the furnace 
cham ber. O ve ra ll, th is  pecu lia rity  o f  the vessels’ use w o u ld  m in im ise  the p o te n tia l ris k  o f
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these fla t-b o tto m e d  crucib les fa ilin g  at w hat cou ld  be one o f th e ir weak po in ts : the 
angular in fle c tio n  between base and body (cf. T ite  et al. 2001; T ite  and K ilik o g lo u  2002).
E rcke r clearly states th a t he prefers three-legged vessels “ because the heat can 
easily reach the th ic k  b o tto m  w ith o u t there be ing any obstacle, so th a t the s ilve r o r o the r 
charged m etals heats up tw ice  as fast as in  those crucib les th a t have to  be p u t on  a th ic k  
base”  (Sisco and S m ith  1951: 180). W h ile  th is  m ay be true , these w o u ld  requ ire  a m ore 
in trica te  m anufacture , p robab ly  ra is ing  the p rice  o f  the fin a l p ro d u c t in  the m arket, and 
perhaps creating s truc tu ra l weaknesses at the jo in ts  o f  the three feet. F o r the assay 
crucib les fro m  O berstocksta ll, the use o f  a th ic k  viscous base seems to  have been an 
easy and usefu l techn ica l so lu tion : on ly  in  one o f  the  crucib les exam ined has the base 
catastroph ica lly com e o f f  — s ign ifican tly , a fte r p o u rin g  some substance, w h ich  again 
shows the stresses to  w h ich  these vessels were subjected w hen m anipu la ted w h ile  ho t.
M icroscop ic  and S E M -E D S  analyses o f  used crucib les p rov ide  fu rth e r 
in fo rm a tio n  about th e ir perform ance d u rin g  use. F o r exam ple, crucib les O B  345, O B  
494 and O B  515 seem to  have been used fo r the p rim ary flu x in g  and reduction  o f 
fah lo re , a com plex su lph id ic  ore fo r  w h ich  the generic fo rm u la  is 
(C u ,A g)10(F e ,Z n)2(As,Sb)4S13, tra d itio n a lly  used as a copper a n d /o r s ilve r ore. In  a ll 
cases, the slag layer has a s trong  com ponen t o f  m o lten  ceram ic m ateria l, b u t is enriched 
in  lim e , potash, phosphorus, iro n , soda, magnesia and ch lo rine . I t  conta ins some silica, 
potassium  fe ldspar and apatite grains, as w e ll as m eta l d rop le ts o f  lead and an tim ony 
alloyed in  va ry ing  p ro p o rtio n s , som etim es bearing m in o r am ounts o f copper, arsenic, 
tin , su lphur and iro n . Tow ards the b o tto m  o f the crucib le , the presence o f  m e ta llic  
elem ents increases, especially tha t o f lead. T h is  suggests th a t th is  m eta l was added to  the 
charge to  fu n c tio n  as a co lle c to r fo r the s ilve r — perhaps as an oxide, w h ich  w o u ld  flu x  
the charge and, once reduced, w o u ld  co llec t the noble m etals. The pos itive  co rre la tio n  
betw een sodium  and ch lo rine  insinuates th a t rocksa lt (N aC l) cou ld  have been added as a 
fu rth e r flu x , together w ith  sand (fig . 56).
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1mm
Figure 56. Two BSE micrographs of a crucible that was probably used for assaying fahlore. 
Left, interface between the highly vitrified graphitic fabric (bottom) and the slag layer. The slag 
consists mostly of iron oxide and silica (each >30 wt% ), with alumina (11 w t% ), lime (8 wt% ), 
soda (4 wt% ), potash (4 w t% ) and chlorine (<1 wt% ). One of the bigger metallic prills (bright 
globules) is antimony (84 w t% ) with copper, lead and arsenic in smaller amounts; the other one 
is copper (78 w t% ) with antimony and sulphur. Right, detail of the slag layer, showing 
numerous crystals of iron oxide (light grey) and metal prills (bright). The biggest prill is copper 
sulphide, containing iron and antimony. The rest are varying alloys of antimony and copper, 
containing traces of iron and sulphur (OB 494/sl, left at 50x, right at 800x). See Appendix 2 for 
detailed analytical results.
In  any case, w ha t really m atters fo r the purpose o f th is  study is n o t the specific 
u tilisa tio n  o f the crucib le  b u t ra ther the cond ition s o f use. In  the above cases, i t  is 
apparent tha t the vessels were subjected to  very h igh tem peratures over extended 
periods. T h e ir fabrics show  continuous v itr ific a tio n , w ith  developm ent o f fine  to  
m edium  vo ids (fig . 57). M ost fe ldspar and iro n  silicates w ith in  the fab ric  appear to  have 
becom e m o lten , flu x in g  the ceram ic surround ing  them  and hence leaving some softer, 
m ore v itr ifie d  areas w ith in  the crucib le  w a ll (fig . 58). In  some samples, th is 
phenom enon occurs w ith  the m inerals attached to  graph ite  as w e ll. Even the m ore 
re fracto ry  quartz grains appear som etim es decom posing.
These operations were carried o u t in  s trong ly reducing cond itions, p robab ly w ith  
the crucibles covered. Th is was a necessary requirem ent o f  the opera tion , aim ed at 
reducing the m etal com ponents o f  the m inera l, possib ly p rio r to  extracting  the nob le  
m etals by fu rth e r concentra tion , sco rifica tion  a n d /o r cupe lla tion . The reducing 
atm osphere w ith in  the crucibles is show n by the fact th a t m ost o f  the g raph ite  has 
rem ained unaltered -  on ly the sm allest inclusions have disappeared, pa rticu la rly  tow ards 
the ou te r surfaces — b u t also, im portandy, by the presence o f  m any tin y  globules o f  iro n  
sulphide scattered w ith in  the ceram ic body. As the on ly  escape fo r the su lphur vapour 
was th rough  the ceram ic fabric, i t  reacted w ith  the iro n  oxide  o f  the  ceram ic, w h ich  
precip ita ted  as iro n  sulphide (figs. 57-59). The close con tact w ith  carbon fro m  the
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graph ite  w o u ld  fa c ilita te  th is  reaction . A cco rd in g ly , the concen tra tion  o f free iro n  oxide 
in  the ceram ic m a trix  was decreased (see Tab le  1, p. 113, crucib les O B  345, O B  494 and 
O B  515).
Several considerations regarding the crucib les’ perform ance arise. F irs tly , it  
appears obvious th a t fab ric  re fractoriness was a m a jo r techn ica l requ irem ent, w h ich  
these vessels served sa tis facto rily . W h ils t, at firs t, one m ig h t in te rp re t the m e ltin g  
m inera ls w ith in  the  fa b ric  as a flaw , p o te n tia lly  m aking the crucib les weaker and m ore 
p rone  to  fa ilin g , i t  shou ld  be no ted  th a t none o f  the hundreds o f  cm cib les exam ined 
appeared ca tastroph ica lly b loa ted  o r the rm a lly  d is to rted . P ossib ly, in  re la tive ly  sm all 
sizes (the d iam eter o f  the ‘ flu xe d ’ areas is never larger than 0.5 m m ) and num bers, as 
these m inerals d issolved in to  the ceram ic m a trix , they increased the viscosity  o f the 
paste and helped re ta in  its  r ig id ity  du ring  use (cf. Freestone 1989: 158, w here th is 
phenom enon is suggested fo r quartz tem per; and Freestone 1991, fo r an exam ple o f 
crucib les w here th is  loca l 'flu x in g ’ was created by adding crushed glass to  the fab ric ). 
M ore  re frac to ry  inc lus ions such as quartz and graph ite  w ou ld , at the same tim e, help 
keep the cm cib les’ strength.
Secondly, the ro le  o f  graph ite  as a reducing  agent becom es apparent. A  reducing 
atm osphere was a requ irem ent fo r the graph ite  n o t to  bum  ou t. H ow ever, at the same 
tim e, g raph ite  its e lf w o u ld  co n trib u te  to  keep cond ition s reducing  w ith in  the vessel. In  
th is  process, as the iro n  oxide w ith in  the fab ric  reacted w ith  the su lp h u r-rich  vapour and 
the carbon, i t  p rec ip ita ted  as discrete particles o f iro n  sulphide. T he presence o f iro n  
oxide as a p o te n tia lly  flu x in g  agent in  the ceram ic was thus m in im ised , w h ich  fu rth e r 
enhanced the therm a l re fractoriness o f the vessel. In  ano ther crucib le  analysed (O B  
466), p a rt o f  the iro n  oxide w ith in  the fab ric  was reduced to  the m eta llic  state d u rin g  
use, a phenom enon also docum ented in  p ro to h is to ric  p o tte ry  fro m  Ita ly  (B erte lle  et al. 
2000) and 19th-century steel m aking cm cib les fro m  In d ia  (Freestone and T ite  1986).
A  com ple te ly d iffe re n t case was tha t o f cm cib le  O B  495. H ere, the reaction  was 
o x id is in g  and m ost o f the graph ite  burned away — o n ly  p a rt o f i t  rem ained in  the core o f 
the w a ll. The  m ost abundant con tam ina tion  on the in n e r surface is by iro n  oxide  (~28  
w t% ), toge the r w ith  alum ina and sm aller concentra tions o f oxides o f  lead, su lphu r and 
arsenic. A t tem peratures s im ila r to  those recorded in  the cm cib les discussed above, th is  
vessel w o u ld  have been m ore prone  to  catastroph ic b loa ting . H ow ever, the reaction  
to o k  place at lo w e r tem peratures and possib ly fo r  a sho rte r p e rio d , as show n by in  the 
lim ite d  degree o f  v itr ific a tio n  in  the m a trix  (fig . 60) and, m ore  p a rticu la rly , in  the lu te
135
Marcos Martinbn-Torres 6. The laboratory equipment from Oberstockstall
adhering to  the ou te r surface (fig . 107, p. 181) together w ith  the fact tha t m ost silicate 
inclusions rem ain unaltered. A s a consequence, the perform ance o f the vessel was 
acceptable. C rucib le  O B  520 shows s im ila r cond itions o f  use, w ith  re la tive ly  low  
v itr ific a tio n  and a substantia l loss o f graphite  (fig . 61).
These instances dem onstrate the need to  observe the specific cond itions o f use 
o f  a g iven crucib le  and its  pa rticu la r response to  these — i.e. its  perform ance —, in  o rde r 
to  draw  archaeologically s ign ifican t conclusions. In  pa rticu la r, one may revise the usual 
considera tion  o f  the iro n  oxide con ten t as a de trim en ta l fa c to r w hen com paring the 
the rm a l refractoriness o f  d iffe re n t ceram ics. W e should be w ary o f  the lim ite d  
ap p lica b ility  o f general com parisons o f  ceram ics’ m ateria l p roperties, detached fro m  
th e ir contexts18.
Figure 57. SE photomicro­
graph of a used crucible, 
showing complete vitrifi­
cation and development of 
voids, some of them in the 
spaces previously occupied 
by very small graphite 
speckles. The light globules 
are of iron sulphide (OB  
345/s1, 800x). Compare to 
fig. 40  (p. 114).
18 While the use o f the crucibles in a reducing atmosphere is seen here as a factor prompting the reduction 
o f iron oxide to metal and thus increasing the heat resistance o f  the vessel, experimental studies (Tite et al 
1982b) have indicated that reducing conditions may favour the reduction o f ferric iron in the clay to the 
more reactive ferrous form, thereby initially decreasing the refractoriness o f  the ceramic. This again 
stresses the need to investigate the vessels’ performance in specific circumstances, rather than material 
properties alone.
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Figure 58. BSE photomicro­
graph of a crucible that was 
used under reducing 
conditions. The more 
vitrified (glassy and with 
round voids) areas are the 
result of less refractory 
silicates melting and fluxing 
the surrounding matrix. All 
the brightest phases are 
globules of iron sulphide (OB  
345/sl, 50x). Compare to fig. 
41  (p. 114).
600pm 1
Figure 59. Detail of the fabric 
of a crucible used under 
reducing conditions. Note the 
complete vitrification of the 
fabric, with closed porosity, 
but the considerable amount 
of remaining graphite in­
clusions (OB 494/s 1, PL, 
200x).
Figure 60. SE photomicro­
graph of a crucible that was 
used under oxidising 
conditions, showing the voids 
left by burnt-out graphite 
inclusions, and an extent of 
initial vitrification similar to 
those of unused crucibles 
(OB 495/sl, 800x). Compare 
to figs. 40  (p. 114) and 57 (p. 
136).
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Figure 61. Detail of the fabric 
of a crucible used under 
oxidising conditions. Note 
that, in spite of the relatively 
low vitrification, graphite 
inclusions have burned out, 
leaving elongate voids within 
the matrix. Compare to fig. 
59 (OB 520/s 1, XPL, 200x).
A n o th e r fac to r at issue du ring  the use o f  the O berstocksta ll crucibles seems to  
have been the resistance to  chem ical attack. A s m entioned above, several crucibles show 
evidence o f  co rrosion  by the h o t charge. I t  was also noted tha t the surface sm oothness, 
together w ith  the chem ical inertness o f graphite  inclusions, may have helped ham per 
th is. H ow ever, we do docum ent some samples w here the penetra tion  o f m etal oxides 
in to  the fab ric  led the vessel to  fa ilu re . T h is is the case, fo r exam ple, o f crucib le  O B 
nOOl, w here a th ick  layer o f slag, rich  in  antim ony and iro n  oxides (~20  w t%  each), and 
w ith  sm aller concentrations o f  oxides o f m agnesium , su lphur, potassium , calcium , 
copper and lead, penetrated th rough  the w a ll and exuded th rough  a crack on the ou te r 
surface (fig . 62).
Figure 62. Examples of crucibles affected by chemical attack. Left, crucible where one 
pouring spout has been corroded (OB 315). Right, photomicrograph of a crucible where the 
slag, rich in antimony and iron oxides, penetrated through the body from the inner surface 
(top) to the outside (OB nOOl/sl, XPL, 50x, long axis represents ~2 mm).
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H ence, w h ile  therm al re fractoriness seems to  have been a techn ica l requ irem ent 
w ith  w h ich  the crucib les in  O berstocksta ll dealt successfully, i t  seems tha t a s u ffic ie n t 
chem ical re fractoriness was m ore d iffic u lt to  achieve. A  m a jo r concern o f  16th-cen tu ry 
assayers was o b ta in in g  s trong  fluxes, o fte n  expensive and d iffic u lt to  produce, as 
evidenced in  the a tte n tio n  pa id  to  th is  to p ic  in  the fo rem ost treatises (e.g. H o o ve r and 
H o o ve r 1950; Sisco and S m ith  1951). Just as som e fluxes and reagents w ere very 
e ffec tive  in  fa c ilita tin g  the decom position  o f  the crucib le  charge, they cou ld  also lead to  
the  degradation o f  the fab ric  o f  the vessel itse lf.
F ina lly , an im p o rta n t aspect d irecdy a ffe c tin g  the perform ance o f the crucib les 
w o u ld  have been the num ber o f  use cycles, as a ttribu tes  such as the chem ical, therm al o r 
m echanical s ta b ility  w o u ld  be increasing ly challenged w ith  repeated uses. Analyses so fa r 
do n o t clearly ind ica te  th a t any o f  these crucib les was used m ore than once, a lthough 
th is  rem ains feasible. In  the assemblage fro m  W eyerstraBe in  C ologne in troduced  earlie r 
(section 4.10, see also 9.3), Rehren (1996a; 1996b) id e n tifie d  a triangu la r crucib le  w ith  
tw o  d is tin c t slag layers deno ting  tw o  d iffe re n t stages o f  u tilisa tio n . I f  fire  assays a im ing  
at quan tita tive  inferences were conducted, one w o u ld  expect new crucib les to  be used in  
o rde r to  avert cross-contam ination . N evertheless, fo r o the r operations n o t re q u irin g  so 
m uch accuracy, crucib les were p robab ly  re-used. I t  is hoped th a t fu rth e r w o rk  on  the 
residues w ith in  the O berstocksta ll vessels w ill shed m ore lig h t on  th is question.
6.2.5. The manufacture and performance of the crucibles: a summary
The in fo rm a tio n  presented in  th is  chapter a llow s a general reconstruc tion  o f the 
process o f m anufacture and use o f  these techn ica l ceram ics. The crucib les recovered in  
O berstocksta ll were made o f a considerably re frac to ry  clay, rich  in  a lum ina and no rm a lly  
con ta in in g  graphite  inclusions. T h is  clay was levigated, and fin e r clays w ere reserved fo r  
progressive ly sm aller vessels. They were m odelled  on the p o tte r’s w heel in  the shape o f  
a trunca ted  cone, the rim  then be ing fo lded  in to  the triangu la r shape. T h is  w o u ld  have 
fa c ilita te d  the p ro d u c tio n  o f  crucib les in  large num bers.
O nce the m ode lling  had fin ished, the crucib les w o u ld  be le ft to  d ry  fo r  some 
tim e , be fo re  tu rn in g  them  up side dow n. A t th is  p o in t, a ceram ic d ie  w ith  a ‘T ’ stam p 
w o u ld  be im p rin te d  in  the bases o f the bigger ones, once o r tw ice , depending on  th e ir 
size o r value. Possib ly, i t  was also now  w hen the crucib les w ere w iped  to  m ake th e ir 
surfaces p a rticu la rly  sm ooth.
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O nce the d ry ing  was com plete, the vessels were fire d  in  a m oderate ly reducing  
atm osphere, at tem peratures betw een 950 and 1050 °C. Tow ards the end o f  the firin g , 
the k iln  w o u ld  be choked w ith  organic m atte r in  o rde r to  create a sm oky atm osphere 
and thus fu rn ish  the crucib les w ith  a b lack lustre . I t  is suggested tha t th is  concern w ith  
the appearance o f the cm cib les may respond to  a w idespread concep tion  o f  m a tte r in  
the Renaissance, w hereby the p roperties o f  m a tte r are affected by its  ou tw ard  qua lity , 
ra the r than by its  com position . A lte rn a tive ly , the  specific  appearance may constitu te  a 
‘m arke ting  strategy’ o r trade m ark.
The resu lting  cm cib les, p a rticu la rly  those con ta in ing  g raph ite , w ere the rm a lly  
and chem ically re frac to ry , resistant to  the rm a l shock and they showed good tensile 
strength. H ow ever, th e ir perform ance was u ltim a te ly  a ffected  by th e ir specific  
cond itions o f  use, as w e ll as the num ber o f  uses. F o r exam ple, i t  appears th a t the 
re la tive ly  h igh  iro n  oxide con ten t in  the ceram ic m a trix  w o u ld  be de trim en ta l fo r long  
reactions in  ox id is in g  cond ition s, b u t n o t necessarily so i f  the atm osphere was reducing 
a n d /o r the opera tion  short. The cm cib les w ere o fte n  used sealed o r lidded , and s ittin g  
on a cm cib le  base, as typ ica l fo r fire  assays.
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6.3. The scorifiers
The sco rifie r is another versatile  to o l frequen tly  found  in  archaeological 
laboratories and w orkshops. H ow ever, in  contrast to  the w ide varie ty o f contexts o f  use 
docum ented fo r triangu la r crucibles (see chapters 7-10), the u tilisa tio n  o f scorifie rs 
seems to  be constrained to  fire  assay and re fin in g  activ ities, even though t the fin a l in te n t 
o f  these m ig h t d iffe r. Form ally , the sco rifie r is sim ply a ceram ic d ish (fig . 63). As the 
nam e indicates, these were p redom inantly  used fo r sco rifica tio n  processes, i.e. to  
transfo rm  the unw anted com ponents o f a sample in to  slag, in  a typ ica lly  ox id is ing  
reaction . These operations cou ld  be, fo r exam ple, the roasting o f  a m inera l, the p rim ary 
m e lting  o f a m etal o r ore sample w ith  some flu x , o r the o x ida tion  o f  lead b u llio n  in  
o rder to  pre-concentrate the noble m etals p rio r to  cupe lla tion . The com b ina tion  o f raw 
m aterials and additives tha t cou ld  be m elted together in  a sco rifie r fo r assaying purposes 
is p ractica lly endless (cf. U n g lik  2000), w h ich  makes the analytica l id e n tifica tio n  o f 
specific recipes very d iffic u lt.
Figure 63. Group of scorifiers from Oberstockstall. Scalebar is 15 cm.
The firs t archaeologically docum ented scorifie rs were presented and analysed by 
R ichard P ittio n i (1975; 1978; 1985). O rig ina lly , i t  was n o t uncom m on to  te rm  them  
“ heating trays”  (Roesdahl 1977, as c ited  in  Bayley 1992: 749; Bayley and Barclay 1990; 
Soderberg 2004), m osdy ow ing  to  doubts about th e ir in te rp re ta tio n . La te r, once i t  was 
p roved  th a t they cou ld  be used fo r the re fin in g  o f  nob le  m etals by o x id a tio n  o f a lead 
b u llio n , some researchers referred to  them  as “ cupels”  (Bayley 1988; E luere  et al. 1989; 
Bayley 1992; Sperl 1996; Bayley and E ckste in  1997). Recendy, the m ore neutra l 
designation “ saucer-shaped ceram ic d ish”  has been used (Bayley 2003). W h ile  the term  
“ cupel”  m ay be acceptable fo r m edieval and earlier periods — be fo re  the use o f  ash-
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based cupels was established —, “ sco rifie r”  is p re fe rred  as a w id e r te rm  th a t denotes 
dishes th a t cou ld  be used fo r cupelladon as w e ll as fo r o th e r sco rifica tio n  processes19. 
Since the 16th century, scorifie rs and cupels appear as clearly d iffe re n t pieces o f 
equ ipm ent in  the w ritte n  sources, hence th is  separation is kep t fo r the present study20.
M edieva l and la te r sco rifie rs have been fou n d  in  a va rie ty  o f m eta llu rg ica l 
w orkshops across E urope, in c lu d in g  Scandinavia (Soderberg 2004 and references 
the re in ), E ngland (T ite  et al. 1985; Bayley 1988; 1992; 2003; Freestone 1989; Bayley and 
Barclay 1992), G erm any (E ckste in  et al. 1994; Rehren 1996a; 2002a; S h ife r 1998), 
S w itzerland (K am ber et al. 1998) and A u s tria  (P ittio n i 1975; 1978; 1985; Sperl 1996). 
R egarding the sizes, A g rico la  recom m ended a diam eter o f three d ig its  [—55 m m ] 
(H o o ve r and H o o ve r 1950: 228), b u t archaeological examples range fro m  30 to  200 
m m .
6.3.1. Formal properties
M ost o f  the approxim ate ly fif ty  sco rifie rs  fro m
O berstocksta ll fa ll w ith in  tw o  fo rm a l types, one deeper —
w ith  a d iam eter to  he igh t ra tio  in  the range 2-3 — and
one shallow er — w ith  a ra tio  between 4 and 6. The firs t
group  consists o f dishes o f  a very standard shape, w ith
Figure 64. Two main formal
very th ic k  bo ttom s and diam eters o f e ithe r ~ 5 5  o r ~ 7 0  types of scorifiers documented
. , , , • >n Oberstockstall (drawings
m m  at the nm . The second group has th in n e r bodies, from von Osten 1998)
and th e ir diam eters range between ~ 6 5  and ~ 2 0 0  m m  Scalebar is 3 cm.
(von O sten 1998) (fig . 64). A ll o f them  appear to  have been w hee l-th row n , as suggested 
by the curved ro ta tio n  m arks seen in  some bases. F ina lly , there are at least three b roken  
sherds tha t were shaped in to  a subcircu lar shallow  dish, s im ila r to  the sco rifie rs , 
a lthough the traces o f use in  these are n o t as substantia l as in  m ost sco rifie rs21.
19 Bayley and Eckstein (1997) suggest that, before the 16th century, scorifiers could be used in successive 
oxidation stages culminating in the final refining, thus there would not be a clear cut distinction between 
scorification and cupellation. While this is very likely, I  suggest that the term scorifier be maintained, to 
differentiate this from the more specialised bone ash cupel, which was only used for cupellation.
20 Ercker differentiates between crucibles, scorifiers and (ash) cupels or tests as distinct tools. In  
Agricola’s work, instead, triangular crucibles, scorifiers and cupels all appear as subtypes o f  the generic 
category ‘crucible’. In  any case, the ceramic plate is clearly identified as a specific instrument w ith various 
applications, rather than as a ‘ceramic cupel’.
21 The recycling o f broken sherds for scorification purposes has also been documented in medieval 
contexts (e.g. Bayley 1992).
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U n fo rtu n a te ly , none o f  the scorifie rs in  the assemblage seems unused: even 
those w ith  less conspicuous traces o f use showed increased concentra tions o f iro n  and 
lead oxides w hen th e ir inne r surfaces were analysed by E D -X R F . F o r th is  reason, it  is 
d iffic u lt to  estim ate the o rig ina l appearance and v itr ific a tio n  o f the vessels. In  th e ir 
cu rren t state, th e ir fabrics no rm a lly  show a b u ff to  orange co lou r, a lthough there are 
some samples w ith  grey surfaces, pa rticu la rly  those w ith  lig h te r traces o f  use. The slag 
attached to  them  is usually a re la tive ly  th ic k  (1-8 m m ), b rig h t, b lack layer, o ften  w ith  a 
~30  m m  w ide depression in  the centre. In  add ition , there are scorifie rs w here th is  slag is 
green o r ye llow  and w ith  variable am ounts o f  b ig  inclusions (up to  2 m m ), and others 
w ith  jus t some evidence o f bu rn ing  on the in n e r surface (fig . 65).
Figure 65. Inner surfaces of different scorifiers from Oberstockstall, showing variable traces 
of use. Not to scale.
M icroscop ic  and chem ical analyses allow ed the id e n tific a tio n  o f three d iffe re n t 
fab ric  types. I t  should be noted fro m  the outset tha t no co rre la tion  was fo u n d  between 
fab ric  and fo rm a l types, o r between these and clearly d is tin c t traces o f  use.
The firs t fab ric  type is very sim ila r to  tha t o f the g ra p h itic  triangu la r crucibles 
(see above, section 6.2). I t  consists o f  a fine-gra ined m a trix  con ta in in g  about 30 vo l%  o f 
graph ite  (som etim es in te rg row n w ith  silicates) and 15 vo l%  o f silica te  inclusions. These
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are subangular and m oderate ly sphero id , n o t very w e ll sorted b u t no rm a lly  be low  0.3 
m m  in  d iam eter. C on tra ry  to  the crucib les, w here quartz and potassium  fe ldspar appear 
in  s im ila r p ro p o rtio n s , fe ldspar grains w ith in  these sco rifie rs ’ m atrices are m ore 
abundant than quartz. The paste also contains some am ph ibo le , d iscrete iro n  oxide, rare 
plagioclase, apatite and m ica, as w e ll as very sm all ilm en ite , ru tile  and z irco n  inclusions 
(figs. 66-67). The chem ical com positions o f these m atrices fa ll w ith in  the same range as 
the triangu la r crucib les. The h ighest varia tions appear in  soda and potash 
concentra tions, b u t these m ay be re lated to  va ry ing  concentra tions o f silicate inclusions 
and con tam ina tion  fro m  the charge (Table 4, fa b ric  A ).
The second m a jo r ceram ic type is characterised by the abundance o f  quartz 
inc lus ions, o f  about 40 vo l% . These inc lus ions, no rm a lly  be low  0.3 m m  large, are 
subangular, w ith  a m oderate degree o f spheric ity , and n o t very w e ll sorted. Some 
fe ldspar grains are also present, together w ith  iro n  oxide, am phibo le , and tin y  ilm en ite , 
ru tile  and z ircon  grains. Besides, th is fab ric  type conta ins some inc lus ions (< 10  vo l% ) 
th a t may be in te rp re ted  as g rog  (figs. 68-69). These inc lus ions, no rm a lly  ob long  and w ith  
a m axim um  diam eter o f  0.5 m m , usually appear denser and m ore v itr ifie d  than the m ain 
ceram ic m a trix , and are surrounded by a shrinkage vo id ; they tend to  show  in te rn a l 
a lignm ent, a lthough in te rn a l fractures are n o t always present; they o fte n  con ta in  sm all 
s ilicate inc lus ions and, com positiona lly , they are e ithe r very s im ila r to  the m ain body o r 
rich e r in  iro n  oxide  (fig . 70). W h ile  none o f  these c rite ria  can be conclusive fo r the 
id e n tific a tio n  o f  a rtific ia lly  added grog  as d iffe re n t fro m  na tura l argillaceous inc lus ions 
(cf. W h itb read  1986; W heeler 2003), i t  seems reasonable to  accept them  as grog. F u rth e r 
argum ents to  suppo rt th is  in te rp re ta tio n  are, on the one hand, the strong  resem blance 
o f  th is  ceram ic paste to  tha t o f  the g ra p h itic  scorifie rs — w h ich , how ever, do n o t con ta in  
th is  k in d  o f in c lus ion  — and, on the o the r hand, the h is to rica l (N o rto n  1652: 92; Sisco 
and S m ith  1949: 111; H o o ve r and H o o ve r 1950: 230; H aw tho rne  and S m ith 1979: 142) 
and archaeological (Freestone and T ite  1986; M a rtin o n -T o rre s  2001) evidence fo r  the 
use o f  g rog  in  m eta llu rg ica l ceram ics. The chem ical com p o s itio n  o f  the m a in  ceram ic 
m a trix  in  these plates is very s im ila r to  th a t o f  the previous type, a lbe it w ith  lo w e r tita n ia  
concentra tions (Table 4, fab ric  B).
F ina lly , the th ird  ceram ic type is represented by a single b ig  sco rifie r (O B  269, 
130 m m  diam eter), con ta in ing  abundant, p o o rly  sorted quartz (~ 30  vo l% , <1 m m ) and 
grog, toge the r w ith  some potassium  feldspar, am ph ibo le  and ca lc ium  m inerals (figs. 71- 
72). The co m pos ition  o f  the ceram ic m a trix , w hen com pared to  the  o thers, stands ou t
144
Marcos Martin6n-Torres 6. The laboratory equipment from Oberstockstall
p rim a rily  in  the low e r alum ina and the h igher lim e and magnesia concentrations, the 
la tte r m ostly due to  m inerals clearly decom posing w ith in  the paste (Table 4, fabric C).
Fab. Na20 MgO Al20 3 Si02 P2O5 so 2 Cl k2o CaO T i0 2 FeO
OB n006 A 1.0 0.3 32.2 54.3 0.2 0.5 0.1 5.9 0.5 1.1 3.9
OB 279 A o L> 0.7 30.5 56.8 0.3 - 2.0 0.8 1.5 7.1
OB 284 A 1.0 0.4 33.4 55.7 0.3 - 2.0 0.5 1.3 5.4
OB 268 B 0.2 0.7 33.2 58.9 0.3 - 1.8 0.6 0.6 3.6
OB 276 B 0.3 0.4 31.4 59.6 0.1 0.2 1.9 0.7 0.7 4.8
OB 277 B 0.2 0.5 32.3 59.2 0.2 - 1.6 0.7 0.7 4.5
OB 281 B 0.2 0.4 32.0 59.7 0.3 - 1.9 0.6 0.5 4.6
OB 282 B 0.3 0.5 30.1 61.6 0.3 - 2.1 0.6 0.6 4.1
OB 269 C 0.4 1.0 26.1 63.1 0.3 - 1.8 2.2 0.8 4.3
Crucibles 0.2 0.7 32.4 57.3 0.3 - 2.1 0.7 1.3 5.0
Table 4. Average composition by SEM-EDS, normalised to 100 wt% , of the ceramic matrices of 
the different ceramic fabrics identified in the scorifiers from Oberstockstall. The average 
composition of the crucibles is also shown for comparison. See Appendix 1 for full data.
Figure 66. BSE photo­
micrograph of a graphitic 
scorifier (fabric A) at low 
magnification, showing 
abundant graphite
inclusions as well as silicate 
minerals including
abundant feldspar (light 
grey) (OB n006/sl, 50x). 
Compare to fig. 41  (p. 
114).
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Figure 67. BSE photo­
micrograph of a graphitic 
scorifier (fabric A) at 
higher magnification (OB 
n006/sl, lOOx). Compare to 
fig . 47 (p. 116).
Figure 68. BSE photo­
micrograph of a non- 
graphitic scorifier (fabric 
B) at low magnification, 
showing abundant quartz 
inclusions and elongate 
cracks. The white phases 
are slag penetrating into 
the ceramic body (OB  
268/s 1, 50x).
Figure 69. BSE photo­
micrograph of another 
non-graphitic scorifier
(fabric B) at higher 
magnification, where some 
possible grog temper
(arrows) can be noticed, 
together with the silicate 
inclusions (OB 276/sl, 
lOOx).
600pm
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Figure 70. Detail of some 
possible fragments of grog 
within the fabric of a 
scorifier (OB 276, BSE, 
left at 300x, right at 500x).
Figure 71. BSE photo­
micrograph of the ceramic 
fabric of the scorifier OB 
269, a distinct type within 
the assemblage (fabric C), 
where a big grog inclusion 
can be noticed (right), as 
well as smaller silicate 
inclusions surrounded by 
shrinkage voids and 
elongate cracks (OB 
269/s 1, 50x).
1mm
600|jm
Figure 72. Detail of the 
fabric of OB 269, with 
grog temper and silicate 
inclusions (primarily 
quartz -  dark grey). 
Shrinkage voids can be 
noticed around the 
inclusions, as well as 
elongate cracks across the 
body (OB 269/sl, lOOx).
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6.3.2. Material properties and performance characteristics
B efore  addressing the m ateria l p roperties o f the ceram ic pastes, and how  these 
relate to  perform ance, the m ost characteristic fo rm a l feature o f  the sco rifie rs should be 
no ted , i.e. the  shallow , open shape. T h is  makes them  clearly d iffe re n t fro m  the crucib les, 
in  th a t the fo rm e r w ou ld  no rm a lly  favou r an ox id is in g  opera tion , whereas the la tte r 
w o u ld  a llow  a be tte r co n tro l o f the redox cond itions. N evertheless, even i f  no  evidence 
o f th is  practice has been observed in  O berstocksta ll, i t  shou ld  be no ted  th a t E rcke r 
docum ents the use o f  tw o  scorifie rs — one up tu rned  and lu ted  o n to  the o the r as a lid  — 
fo r the cem entation o f g o ld  in  necessarily reducing cond ition s  (Sisco and S m ith  1951: 
184-186).
The m ateria l p roperties o f  the g ra p h itic  fab ric  are obv ious ly  the same as 
discussed fo r the g ra p h itic  crucib les. H ow ever, they are n o t equally relevant. The 
im proved  therm a l co n d u c tiv ity , fo r exam ple, was probab ly n o t a cruc ia l fa c to r a ffe c tin g  
perform ance. W h ils t, theore tica lly , g raph ite  m ig h t enhance therm a l d iffu s io n  across the 
fab ric  and thus m in im ise  therm al gradients across the w a ll, i t  is believed tha t i t  w ou ld  
n o t m ake a s ign ifican t d iffe rence  in  the case o f the scorifie rs, g iven th e ir generally sm all 
size and the fact tha t they were o fte n  heated fro m  b o th  be low  — fro m  the fire  box — and 
above — by be llo w in g  in to  charcoal w ith in  the cham ber — sim ultaneously. S im ila rly , 
considering  the sm all w e igh t o f the samples processed, tensile  strength  may n o t have 
been a m a jo r requirem ent.
The lik e lih o o d  o f g raphite  acting as a reducing agent du rin g  sco rifica tio n  is very 
low . In  one o f the analysed specim ens (O B  279), the in te rn a l surface o f  the ceram ic 
appears dark grey, and the graphite  inclusions are be tte r preserved, thus in d ica tin g  a 
loca lly  reducing atm osphere (fig . 73, le ft). T h is  may be related to  the  presence o f  a dense 
and th ic k  slag layer w ith in  the vessel, w h ich  prevented the pene tra tion  o f oxygen in to  
the ceram ic fro m  the inside. H ow ever, in  the o the r tw o  g ra p h itic  specim ens exam ined 
(O B  284, O B  n006), m ost o f the graphite  has burned away, leaving b ig  elongate vo ids 
w ith in  the paste th a t were fu rth e r developed du ring  v itr ific a tio n  (fig . 73, rig h t). Since 
sco rifica tio n  typ ica lly  is an ox id is ing  process, the b u rn in g  away o f  g raph ite  was 
presum ably a usual phenom enon. E rcke r states on  several occasions th a t the  reactions 
carried  o u t in  sco rifie rs  were m eant to  be re la tive ly  qu ick , usually tak ing  h a lf an h o u r 
and never m ore than one hou r (e.g. Sisco and S m ith  1951: 38-39). Seem ingly, th is 
in te rv a l was lo n g  enough fo r the graphite  to  disappear, in  a process th a t w o u ld  render a
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weaker sco rifie r — no longer bene fitin g  fro m  the m ateria l advantages o f  graphite  
inclusions, and conversely su ffe ring  fro m  b ig  porosities tha t w o u ld  favou r the 
penetra tion  o f  the slag in to  the ceram ic (cf. Freestone 1989: 158). I t  fo llow s tha t the 
presence o f graphite  in  the fab ric  m ig h t have been advantageous on ly du ring  the early 
stages o f the process, and depending on the specific cond itions o f use.
Figure 73. Left, fabric of a graphitic scorifier, where the grey colour and larger amount of 
graphite remaining denotes locally reducing conditions towards the slagged inner surface (top, 
not in the image) (OB n006/sl, XPL, 50x, long axis represents ~2 mm). Right, fabric of another 
graphitic scorifier, where most of the graphite has burned away in an oxidising atmosphere, 
leaving large voids (OB 279/sl, BSE, 50x).
O th e r properties may have been m ore im po rtan t, pa rticu la rly  therm al shock
resistance and toughness. The slag layers w ith in  a ll three g raph itic  scorifie rs analysed
show abundant round  vo ids tha t ‘ froze ’ as the plate was apparendy rem oved fro m  the
furnace w h ile  h o t (fig . 74). T h is is in  contrast to  the rest o f the scorifie rs, where the slag
is m uch denser and o ften  shows b ig  crystals developed w h ils t s low ly coo ling  dow n,
probably inside the furnace (fig . 75).
B o th  possib ilities are accounted fo r in
the w ritte n  sources, depending on the
specific reactions conducted (cf. Sisco
and S m ith 1951: 38-39). I t  w ou ld  thus
appear tem pting  to  th in k  tha t g raph itic
scorifie rs were reserved fo r those
operations in v o lv in g  h igher therm al
stresses. N onetheless, a ll o f the plates
may be assumed to  have been subjected Figure 74. Example of a graphitic scorifier that
was removed from the furnace while hot, hence
to  therm a l and m echanical stresses at the round voids ‘ frozen’ within the slag (OB
n006/sl, BSE, 50x).
some stage, smce they were norm ally
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placed in  the furnace on ly  w hen th is  was h o t, they o fte n  had to  be tem po ra rily  rem oved 
and p u t back in , new  com ponents were added to  the charge d u rin g  the process, and 
s tirrin g  was a usual requirem ent.
Those fabrics n o t con ta in in g  graph ite , b u t having instead abundant quartz and 
some grog, w o u ld  also p e rfo rm  e ffic ie n d y  in  the face o f  therm al contrasts and 
m echanical im pacts. A ll the specim ens analysed clearly show  the elongate cracks and 
shrinkage vo ids characteristic o f  quartz-tem pered fabrics (see above, figs. 68-72), w h ich  
w o u ld  arrest and dissipate otherw ise catastroph ic fractures (cf. p. 120). The presence o f 
g rog  m ig h t also enhance the resistance to  chem ical a ttack m ore e ffic ie n tly  than quartz 
grains (Freestone and T ite  1986: 59, b u t see discussion be low ). In te res ting ly , the use o f 
g rog  fro m  b roken crucib les o r burned b ricks is recom m ended in  the Probierbiichlein ju s t 
as a way o f saving sand (Sisco and S m ith  1949: 111). E rcke r notes tha t e ithe r g rog  o r 
crushed pebblestone m ay be used as tem per, b u t the la tte r “ serves as a b inde r in  the fire , 
and the greater the heat, the faster becomes the bond. S corifie rs made in  th is  way com e 
o u t o f the m olds clean and in ta c t.”  (Sisco and S m ith  1951: 24-25)
I t  appears th a t a ll the scorifie rs w o u ld  have show n a su ffic ie n t therm al 
re fractoriness, g iven th e ir h igh  a lum ina con ten t (26-33 w t% ), together w ith  the lo w  
soda, magnesia, lim e  (each <1 w t% ) and potash (typ ica lly  < 2  w t% ). G raph ite -tem pered 
scorifie rs m ay be assumed to  be the m ost re fra c to ry  ones, b u t on ly  so long  as g raph ite  
rem ained stable. The sco rifie r O B  269, w ith  s lig h tly  low er a lum ina and h igher magnesia 
and lim e concentra tions, appears as the least re fra c to ry  o f the group  (Table 4, fa b ric  C). 
H ow ever, i t  is n o t the rm a lly  d is to rted , w h ich  m ay be related to  the fact tha t the h ighest 
tem perature range was n o t kep t fo r a long  pe riod , as also ind ica ted  by the clean in te rface  
between the slag (con ta in ing  as m uch as 87.6 w t%  lead oxide) and the ceram ic body, 
w ith  very little  fo rm a tio n  o f  lead silicate (fig . 75, rig h t; see discussion below ).
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Figure 75. Two photomicrographs of the cross-section of scorifier OB 269. Left, detail of the big 
litharge crystals formed within the slag as a result of a slow cooling rate. Right, detail of the 
interface between slag and ceramic, showing little interaction (both OB 269/sl, XPL, lOOx, long 
axis represents ~1 mm).
G enerally, as w ith  the triangu la r crucibles, therm al re fractoriness was n o t a 
m ajor technical im ped im ent fo r the scorifie rs. A ll the samples analysed, irrespective o f 
th e ir specific cond itions o f use, show d iffe re n t stages fro m  in itia l to  interm ediate 
v itrific a tio n , norm a lly increasing tow ards the inne r surface, b u t none o f them  appears 
drastically d is to rted  by heat (fig . 76). C hem ical refractoriness, on the contrary, may have 
been a m ore severe technical constra in t. As G lauber (1651: 320) w ou ld  w rite , “ I  never 
yet saw any earth w h ich  cou ld  ho ld  litharge in  the fire ” . M any scorifie rs e xh ib it d iffe re n t 
extents o f penetra tion  by the lead oxide-dom inated slag. I t  is n o t uncom m on to  fin d  
samples w here the slag has slipped th rough the w hole body, reacting w ith  the silica o f 
the fab ric  and fo rm in g  a glassy lead silicate tha t exudes at the base (fig . 77). T h is  w ou ld  
have m eant a m ajor hindrance fo r the perform ance o f the vessels, and poses some 
questions as to  the su ita b ility  o f the siliceous scorifiers fo r th e ir p rim ary uses.
70ym
Figure 76. SE micrographs at the same magnification of two used scorifiers, showing initial 
(left) and intermediate (right) vitrification stages. None of them seems to be at risk of terminal 
distortion (left, OB 279/sl; right, OB 282/sl; both at 800x).
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In  spite o f the aggressiveness o f pure lead 
oxide tow ards silica, th is corrosion  process w ou ld  have 
a lim it. Recent analytical research on archaeological 
crucib les and scorifiers has noted lead-rich slag w ith  
up to  ~80 w t%  lead oxide tha t seems to  reach 
equ ilib riu m  and no longer absorbs silica (Rehren 
1996a: 137; Bayley and E ckste in  1997: 111). T h is has 
been used as an argum ent to  cla im  tha t ceram ic dishes 
cou ld  be used fo r  cupella tion. Siliceous ceramics 
w o u ld  n o t be as easy to  use fo r th is  purpose as ash- 
based cupels, in  tha t the la tte r readily absorb the lead 
oxide as it  separates fro m  the m eta llic  regulus (see 
below , 6.4.1), whereas the fo rm e r sim ply ‘ho lds’ the 
charge, and the lead oxide has to  be skim m ed o f f  the 
surface so tha t the oxida tion  o f the m etal b u llio n  can 
proceed, as noted, fo r exam ple, by A grico la  (H oove r 
and H oove r 1950: 239). Furtherm ore, even i f  the 
d isso lv ing o f silica w ou ld  stop w hen the e q u ilib riu m  
was reached, the fo rm a tio n  o f  lead silicate w o u ld  n o t
necessarily be constrained to  the surface o f the dish. Some o f the samples fro m  
O berstocksta ll show tha t slag easily penetrated th rough cracks so tha t co rros ion  to o k  
place fu rth e r in to  the ceram ic, w h ich  w ou ld  challenge the s tab ility  o f  the vessel and the
accuracy o f the results (figs. 77-79). N onetheless, i t  seems feasible tha t, w ith  some
experience, scorifie rs could indeed be used fo r in itia l re fin in g  noble metals.
The P b O -S i0 2 system shows several phases in  equ ilib rium  w ith  ~70 to  100 w t%  
lead oxide between 800 °C and 1000 °C (Jak et al. 1997; Jak et al. 1999). A cco rd ing ly , the 
slag layers w ith in  several o f the scorifie rs fro m  O berstocksta ll, w ith  lead oxide levels 
above 70 w t% , w ou ld  s till be aggressive against silica at tem peratures usual fo r 
sco rifica tion  (fig . 78). T h is m igh t be another reason exp la in ing w hy those clays w ith  a 
low er silica to  alum ina ra tio  were reserved fo r crucibles and scorifie rs. In  cross-section, 
the slag can be seen p re fe ren tia lly  attacking the free silica w ith in  the ceram ic m a trix , 
w h ils t the quartz grains, even though com posed o f pure silica, have a lo w  surface 
re la tive to  th e ir vo lum e and thus o ffe red  m ore resistance to  co rros ion  (fig . 79). 
There fo re , a lthough the b u lk  chem ical com position  o f a quartz-tem pered fa b ric  w ou ld
Figure 77. Top and bottom view 
of one of the several crucibles 
where the PbO-rich slag has 
penetrated through the whole 
siliceous ceramic body (OB 236).
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appear rich e r in  silica and hence less resistant to  co rrosion  by lead oxide, the fo rm  in  
w h ich  th is silica is present w ou ld  make a s ign ifican t d iffe rence. T h is  stresses the 
pertinence o f  analysing the com position  o f the ceram ic m a trix  separate fro m  bigger
inclusions (see section 5.5).
Bayley and Eckste in (1997) 
have suggested that, before the 16th 
century, sco rifica tion  and cupe lla tion  
may have constitu ted  a continuous 
process o f ox ida tion  on successive 
siliceous trays tha t were used as long  
as they w ere stable. F o r the scorifiers 
fro m  O berstocksta ll, the re la tive ly 
b ig  size o f  the m eta llic reguli, as 
docum ented in  the depression le ft 
w ith in  the slag in  some dishes (fig . 
65, p. 143), suggests tha t the
scorifiers were used on ly  fo r an 
in term ediate ox ida tion , w h ile  the 
fin a l re fin in g  w ou ld  be achieved in  
the bone ash cupels (see below ,
section 6.4). Such a practice appears 
docum ented in  the Probierbiichlein 
(Sisco and S m ith 1949: 110). In  th is  
sense, the use o f the scorifie rs cou ld  
be seen as an in term ediate step 
p rim a rily  aim ed at reducing the sample size by oxid is ing  pa rt o f  the lead b u llio n , before 
m oving  on to  the m ore sophisticated and e ffic ie n t — yet m ore d iffic u lt to  ob ta in  — bone
ash cupel (cf. Bayley and Eckste in 1997). A lte rna tive ly , the sco rifica tio n  stage m ig h t be
aim ed at m e lting  a sample w ith  a flu x  in  ox id is ing  cond itions, to  ensure the separation o f 
the gangue before cupe lla tion22.
22 Bayley (2003: 6) has suggested that scorifiers may have been used for cupellation when full 
quantification was not necessary. However, the ‘losses’ in a scorifier might have been considered 
equivalent to those unavoidable in the large scale counterpart, hence justifying the use o f scorifiers for 
quantitative operations (see below).
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Figure 78. PbO-Si02 phase equilibrium diagram. 
The vertical lines plot the PbO concentrations of the 
slag layers within (from left to right) scorifiers OB 
269, OB 282, OB 277, OB 276 and OB n006. Note 
that, for temperatures above 800 °C, the system 
would still be aggressive against silica in all cases 
(after Levin et a l 1973, fig. 284, modified).
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Figure 79. Two BSE images illustrating the penetration of lead oxide-rich slag (bright) into the 
fabric of different scorifiers, reacting primarily with the ceramic matrix and, more slowly, 
dissolving the silica grains (left, OB 277/sl; right, OB276/sl; both at lOOx).
The sco rifie r O B 282 may serve as an exam ple o f the use o f these dishes fo r 
interm ediate re fin in g  operations. The in te rna l surface o f th is sample appears covered by 
a homogeneous slag layer, consisting largely o f  lead oxide (84.5 w t% ) con ta in ing 
com pounds probab ly absorbed fro m  the ceram ic m ateria l (nam ely, silica, alum ina, iro n  
oxide, potash and lim e), and copper oxide (0.4 w t% ). T h is slag appears penetrating in to  
the fab ric  th rough several cracks, where its  com position  reflects a h igher co n trib u tio n  
by absorbed ceram ic m aterial. Towards the edge o f the centra l space where the b u llio n  
form ed, a sm all m eta llic  partic le  rem ained s ittin g  on top  o f th is slag layer. The m a trix  o f 
th is p r ill, about 1.5 m m  long, is (now  m ostly oxidised) lead con ta in ing  re la tive ly h igh 
concentrations o f s ilver (4.6 w t% ) and m in o r am ounts o f copper (0.5% ), enriched on 
the surface in  arsenic, calcium , phosphorus, copper, sodium  and ch lorine. M any 
dend ritic  crystals o f copper and silve r can be observed w ith in  the m eta llic  lead, 
sometimes w ith  traces o f a lum in ium  and n ickel.
Figure 80. Left, cross-section of a scorifier with lead silicate slag (yellow) penetrating into the 
fabric, and an argentiferous lead droplet sitting on the inner surface (top). Right, detail of the 
lead droplet with bright dendrites of silver and copper (OB 282/sl, PL; left, 50x, width of 
particle is ~1 mm; right, 500x, long axis represents -100 pm).
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A  possible in te rp re ta tio n  o f  the analytica l data is th a t th is  sco rifie r was used fo r 
the in itia l concen tra tion  o f s ilve r fro m  a copper a n d /o r lead-rich  a lloy, perhaps adding 
m ore m e ta llic  lead. T h is  w o u ld  constitu te  an in te rm ed ia te  stage in  advance o f 
cupe lla tion . In  a process possib ly s im ila r to  th a t docum ented here, A g rico la  (H oove r 
and H o o ve r 1950: 249 ff) described a sim ple m ethod o f assaying an a lloy o f  copper and 
s ilve r, w h ich  started by m e ltin g  the sample in  a triangu la r crucib le  in  reducing 
cond ition s , covered w ith  charcoal. O nce the s ilve r-rich  copper was m o lten , i t  was 
poured  in  w ater to  make granules, o r cooled and cu t in to  sm all pieces by o the r means. 
N o rm a lly  these w o u ld  go stra igh t in to  the cupel. H ow ever, in  some cases, he 
recom m ends:
“ I f  the copper be such th a t the s ilve r can on ly  be separated fro m  i t  w ith  
d iffic u lty , then before  it  is tested w ith  fire  in  the cupel, lead should firs t be p u t 
in to  the sco rifie r, and then the copper should be added w ith  a m oderate quan tity  
o f m elted salt, b o th  tha t lead may absorb the copper and tha t the copper may be 
cleansed o f the dross w h ich  abounds in  it . ”  (H oove r and H o o ve r 1950: 251)
There are m ore cases w here the slag adhering to  the scorifie rs is a re la tive ly  clean 
lead silicate con ta in ing  on ly some im p u ritie s  absorbed fro m  the ceram ic and vary ing  
am ounts o f  copper oxide, som etim es w ith  traces o f  s ilver, like ly  rem ains o f s im ila r 
sco rifica tio n  processes.
A n o th e r sample supporting  the idea o f  the scorifie rs used fo r an in te rm ed ia te  
o x ida tion  stage is O B  284 (fig . 81). The th ic k  (~ 2  m m ) layer o f slag adhering to  the rim  
o f  th is p late is m ostly  com posed o f  oxides o f  an tim ony (45 w t% ) and lead (34 w t% ), 
together w ith  iro n  oxide (10 w t% ). I t  contains several re la tive ly  b ig  (<0.1 m m ) drop le ts 
o f  m e ta llic  an tim ony and lead-antim ony alloys, som etim es w ith  traces o f arsenic and 
copper (each < 2  w t% ), as w e ll as m o lten  ceram ic com ponents, and ca lcium  and iro n  
oxides th a t appear recrysta llis ing. In  a ll like lih o o d , th is represents the sc o rifica tio n  stage 
o f  an ore — possib ly a fah lore  — previously processed in  a triangu la r crucib le , such as 
those o u tlin e d  in  the previous section: the elem ents present are the same, b u t there are 
no raw  grains o f  gangue o r fluxes, and m eta llic  elem ents are m ore abundant. C upe lla tion  
w ou ld  p robab ly  be the next step.
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600pm 1 70pm
Figure 81. Left, interface between the graphitic ceramic (bottom) and the slag within scorifier 
OB 284, which shows big metal droplets (light globules) and a heavy absorption of ceramic 
material (dark phases within slag). Right, detail of the slag, with a big lead/antimony prill 
(centre), some smaller antimony droplets (light), cubic iron oxides and star-like crystals rich in 
silica, lime, iron oxide, alumina and magnesia (OB 284/sl, BSE, left at 50x, right at 800x). See 
Appendix 2 for analytical data.
In  sum, sco rifica tion  cou ld  render the samples m ore suitable fo r cupe lla tion , 
w h ile  reducing th e ir volum e. The ceram ic dishes w ou ld  probab ly have to  be watched 
care fu lly in  order to  make sure tha t the process was stopped before they became 
unstable, b u t in  any case they w ou ld  o ffe r a sim ple, ‘good enough’ resort fo r th is 
interm ediate step. I t  should be emphasised, how ever, tha t m ost o f the slag found  w ith in  
scorifiers bears some m eta llic  drop le ts, possib ly ow ing  to  the speed o f the process and 
the need fo r slum m ing the lead oxide o f f  the centre o f  the sco rifie r fo r the ox ida tion  to  
proceed. A n  in te resting  question is w hether those conducting  the sco rifica tion  were 
aware o f these losses and accepted them  as unavoidable. Lazarus E rcker warns tha t the 
assay w ith  a sco rifica tion  stage “ gives a re liable ind ica tion  o f how  the sm elting opera tion  
should be planned and conducted; b u t i t  does n o t enable you to  fin d  the co rrect silve r 
con ten t o f the ore.”  (Sisco and Sm ith 1951: 41). F o r a m ore accurate result, b ig  bone ash 
cupels should be used fo r the entire  process, skipp ing  the sco rifica tio n  stage. H ow ever, 
he adds the very relevant observation that, in  the large-scale sm elting o f ores, the 
fo rm in g  slag w ill also reta in some silver. A ccord ing ly, an assay w ith  some m etal losses 
du ring  sco rifica tion  m igh t represent a m ore rea listic rep roductio n  o f the large-scale 
counterpart (Sisco and Sm ith 1951: 42).
6.3.3. The choice of ceramic material
As stated above, no s ign ifican t co rre la tion  was id e n tifie d  fo r the scorifie rs 
between fab ric  and fo rm a l types, o r between these and d iffe re n t traces o f  use. A lth o u g h
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pre lim ina ry analyses suggested tha t graphite-tem pered scorifie rs m ig h t have been 
reserved fo r operations requ iring  h igher tem peratures (M artinon -T o rres et al. 2003), th is 
hypothesis had to  be abandoned as the sample expanded. A t present, the on ly  d is tin c t 
feature seems to  be the use o f g raph itic  scorifiers fo r  processes in vo lv in g  the rem oval 
fro m  the furnace w h ile  ho t, b u t the num ber o f  g raph itic  scorifie rs analysed is to o  lo w  to  
a llow  de fin ite  conclusions. In  v iew  o f th is, the va ria b ility  o f  ceram ic fabrics m ig h t be 
in te rp re ted  as an ind ica tion  o f a com parative ly less standardised approach to  the 
selection and processing o f clays fo r scorifiers than no ticed  fo r the crucibles, a lthough 
s till w ith in  a re la tive ly  narrow  range.
The id e n tity  o f the ceram ic fabrics between bo th  g raph itic  crucibles and 
scorifiers suggests a com m on provenance (see section 7.5). A s regards the second 
ceram ic type o f  scorifie rs, the very s im ila r chem ical com position  o f  the m a trix  and the 
analogous fo rm a l appearance o f  the dishes make it  reasonable to  conclude tha t they also
came fro m  the same source. The slighdy d iffe re n t com position  o f th e ir m atrices could
be related to  the exp lo ita tio n  o f  several clay deposits w ith in  the same region, in  a ll cases 
characterised by the lo w  alkalis and earth alkalis con ten t and a re la tive ly low  silica to  
alum ina ra tio . Some scorifiers fo rm a lly  analogous to  the deeper type described above 
have been found  in  Saalfelden (P ittio n i 1978) and S teierm ark (Sperl 1996), tw o  o the r 
A ustrian  sites. In  the lack o f analyses o f th e ir fabrics, i t  seems reasonable to  in fe r the 
existence o f  a re la tive ly w ide trade o f  specialised technical ceram ics, w h ich  w ou ld  
include at least crucibles and scorifiers (see section 7.5).
Assum ing tha t m ost scorifie rs came 
fro m  the same producers as the crucib les, it  
w ou ld  be in teresting  to  know  w hether they 
shared the b lack lustre in te rp re ted  as a qua lity  
s ign ifie r o r ‘trade m ark’ fo r the crucibles. Those 
scorifie rs w ith  less substantia l traces o f  use 
show a suggestive grey co lo u r a ll ove r the 
surface, perhaps a rem nant o f the o rig in a l 
appearance, s im ila r to  tha t o f the crucib les (fig . 
82). H ow ever, the lack o f  tru ly  unused samples 
leaves th is  hypothesis untested. F urtherm ore , 
another question w ou ld  be w hy m ost o f  the crucib les w ere stam ped by the po tte rs, 
whereas none o f  the scorifiers shows house m arks.
Figure 82. Example of a scorifier with 
little traces of use. Note the dark grey 
surface, akin to that of the crucibles.
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The on ly  sco rifie r fo r w h ich  a d iffe re n t provenance m ig h t be hypothesised is 
O B  269, w ith  d is tin c tive  chem ical com position  and m inera l inclusions (see above, fabric 
C). T h is  is the biggest and the least re fracto ry  o f those analysed. A n  in te resting  feature 
o f th is  sample is tha t the slag appears slighdy edging over the centra l space where a 
re la tive ly  b ig  (~60 m m ) m etal b u tto n  m ust 
have been s ittin g  (fig . 83). A s a 
consequence, the plate had to  be b roken in  
o rde r to  re trieve the m etal, and the plate 
was necessarily discarded a fte r use. Th is 
was probably the fate o f  m ost scorifie rs — 
at least those used fo r sco rifica tion  —, given 
the generally strong d is to rtio n  o f the 
ceram ic by the h o t slag, as w e ll as the risk 
o f  contam ination  i f  quantita tive  inferences 
were to  be made on the results o f the assay 
made on a re-used dish.
6.3.4. The manufacture and performance of the scorifiers: a summary
The scorifie rs recovered in  O berstocksta ll were made w ith  a re la tive ly narrow  
range o f clays w h ich  were processed in  d iffe re n t ways before being m odelled on a 
p o tte r’s wheel. H ow ever, it  is like ly  tha t m ost, i f  n o t a ll, were m anufactured by the same 
producers as the crucibles, w ho possib ly sm oked them  black too . O ne m ain fab ric  type 
is characterised by the presence o f graphite inclusions, w h ile  the o the r one conta ins grog 
tem per. F o r b o th  types, the ceram ic m a trix  shows a rem arkably h igh alum ina content.
The analytical data indicate tha t m ost scorifiers were used fo r trans itiona l 
operations w ith in  an assaying o r re fin in g  sequence. They were frequendy used fo r the 
o x ida tion  o f  a lead-dom inated b u llio n  in  order to  concentrate the noble m etals in  a 
sm aller sample p rio r to  cupe lla tion  in  ash-based cupels. O th e r h igh-tem pera ture 
reactions are also docum ented, though.
S co rifica tion  reactions m ust have been carried o u t qu ick ly , g iven th a t the lead 
ox ide -rich  slag was very aggressive against the free silica w ith in  the ceram ic m a trix , and 
tha t graphite  inclusions o ften  burned o u t leaving large vo ids.
Figure 83. View of scorifier OB 269, showing 
the concave central space probably left by the 
metal button.
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The use o f a th ick , a lum ina-rich  ceram ic, together w ith  the presence o f  quartz 
inclusions tha t functioned  as ‘b u ffe rs ’ fo r co rros ion , enhanced the techn ica l p ro fic ie n cy  
o f the vessels, a lthough th is  d id  n o t preclude some o f them  fro m  fa iling . H ow ever, the 
question w hether th is was a deliberate choice can on ly be addressed a fte r a com parative 
v iew  o f  the w hole  assemblage (see section 6.5). F ina lly , there is no  clear d iffe rence  in  the 
u tilis a tio n  o f  g ra p h itic  and non -g rap h itic  scorifie rs. T h is  accords w e ll w ith  the above 
hypothesis tha t the pecu lia r m ateria l p roperties o f  g ra p h itic  pastes m ay n o t have been 
w e ll realised at th is  tim e.
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6.4. The bone ash cupels
The chem ical founda tions, as w e ll as the h is to ry  and archaeology o f cupe lla tion , 
have been addressed in  length  elsewhere (Bayley 1991; c f. Bachm ann 1993; Rehren and 
K la p p a u f 1995; Bayley and E ckste in  1997; P em icka et al. 1998; Ramage and C raddock 
2000; R ehren and E ckste in  2002), the re fo re  jus t a b r ie f in tro d u c tio n  is g iven here. 
C upe lla tion  is a m eta llu rg ica l opera tion  aim ed at re trie v in g  the nob le  m etals conta ined in  
a larger m etal m a trix  o r ‘b u llio n ’, no rm a lly  dom inated by lead. The m eta l is m elted under 
o x id is in g  cond ition s  so tha t the lead is oxid ised to  litha rge , w h ich  acts in  tw o  ways 
(Bayley 1991: 125): i t  oxidises the o the r base m etals possib ly present, and it  reacts w ith  
these m etal oxides, fo rm in g  fus ib le  com pounds. A s a resu lt, the nob le  m etals, w h ich  do 
n o t react w ith  oxygen o r lead oxide, separate fro m  the m e lt as a b u tto n  o r regulus.
The ideal m edium  fo r cupe lla tion  is a porous, non-siliceous substrate, w h ich  
does n o t react w ith  the oxid ised m etals b u t absorbs them  by cap illa ry action, w h ile  the 
regulus, sustained by its  h igher surface tension, settles on  to p  (Rehren and K la p p a u f 
1995). T h is technique can be traced back to  the E arly B ronze Age, w here it  seems tha t 
lim e -rich  clay was specifica lly selected to  coat the cupe lla tion  hearth (Pem icka et al. 
1998). N um erous ‘litha rge  cakes’ have been recovered in  a va rie ty  o f  la te r archaeological 
contexts (Bachm ann 1977; Bayley 1991; Bayley 1992; Keesm ann 1993; Rehren and 
K la p p a u f 1995; Bayley and E ckste in  1997; Rehren and K raus 1999; Ramage and 
C raddock 2000). These fo rm ed on the upper p a rt o f cupe lla tion  hearths as the 
carbonate- (clay m arl o r shell) o r phosphate- (bone ash) based m a trix  absorbed the 
litharge and o the r m etal oxides du ring  the process. S iliceous m atrices were de libera te ly 
avoided, p robab ly as a resu lt o f  an in e ffe c tive  perform ance, g iven th a t silica reacts w ith  
litharge  to  fo rm  viscous lead silicate glasses th a t w o u ld  choke the porosities and h inde r 
the absorp tion  process.
The sm all-scale coun te rpa rt o f cupe lla tion  is carried o u t in  the th ick , ash-based 
vessels know n  as cupels. The cupel is p robab ly  the m ost specialised vessel type related 
to  fire  assay, as i t  cou ld  serve no  o the r purpose than cupe lla tion . I t  shou ld  be 
emphasised, how ever, tha t cupe lla tion  m ay be related to  e ithe r p ro d u c tio n , o r recyc ling  
o r assaying (Bayley and E ckste in  1997), hence cupels m ay be fo u n d  in  m in in g  contexts 
as m uch as in  m in ts , jew ellers’ w orkshops o r chym ica l labora to ries. T h is  stresses the 
need to  investigate the w ide r con tex t in  o rde r to  in te rp re t archaeolog ica l rem ains (see 
chapter 2, and M a rtinon -T o rres  and R ehren 2004a).
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C upe lla tion  in  ash-based cupels is described in  a lchem ical sources as early as the 
8th cen tu ry A D  (H oove r and H o o ve r 1950: 465-466, n. 26; H a lleux 1986; Szabadvary 
1992; N ew m an 2000; N ew m an and P rinc ipe  2002: 35-49). N onetheless, the regular use 
o f  these vessels outside the a lchem ical dom ain does n o t appear w idespread u n til several 
centuries la te r -  w h ich  m ay constitu te  an in te resting  case o f  techno logy transfer. As 
no ted  in  the previous section, ceram ic scorifie rs cou ld  have been used fo r cupe lla tion  
d u rin g  m uch o f the M id d le  Ages. In  the 12th cen tu ry, T heoph ilus (H aw thorne  and S m ith  
1979: 96-97) describes an ash-lined earthenware dish, a to o l th a t m arks the tra n s itio n  
betw een sco rifie r and cupel, and has been m atched by a rough ly  contem porary 
archaeological fin d  (Rehren and E ckste in  2002). Since late m edieval tim es, bone ash 
cupels appear in  increasing num bers and contexts across E urope and beyond (Bayley 
1988; Jeanjacquot 1993; M cLees 1996; Rehren 1996a; S ch ife r 1998; U n g lik  2000; Lopes 
et al. 2000; Saunders 2001; Bayley 2003).
6.4.1. Formal and material properties
The standard shape o f  a cupel is tha t o f  a truncated cone w ith  a shallow  
concavity on the top  (w ider) side, w here the sample to  be cupelled w ou ld  be placed. 
T h is  space is surrounded by a neat rim . O f  the approxim ate ly one hundred cupels 
recovered in  O berstocksta ll, on ly  one (O B  957) had n o t been used, th is  being w h ite  in  
co lou r. In  th is  sample, i t  can be no ticed  tha t the to p  surface was lined  w ith  a fin e r, m ore 
sm ooth ly packed, m ateria l. T h is  is in  accordance to  a recom m endation m ade in  
contem porary treatises, w h ich  E rcke r even labels as “ an essential requ irem ent fo r 
cupels”  (Sisco and S m ith 1951: 31). The rest o f  the cupels are no tab ly  heavier and show 
co lours spanning fro m  b u ff to  dark grey o r b row n.
F ou r size ranges were ten ta tive ly  id e n tifie d  by von  O sten (1998: 50): the firs t 
type has a biggest diam eter o f 30-35 m m  and a he igh t o f 15-20 m m ; the second is 40-45 
m m  in  d iam eter and 20-30 m m  h igh ; the th ird  type is 55-65 m m  in  d iam eter and 30 m m  
h igh , and those o f the largest size have a biggest d iam eter o f  85-100 m m  and a he igh t o f 
45 m m  (fig . 84). M o s t o f  the samples fa ll w ith in  the sm aller ranges. Lazarus E rcke r 
(Sisco and S m ith 1951: 33) and, fo llo w in g  h im , L ibav ius (Rex 1964: I I ,  13), de fine  fo u r 
size categories fo r the cupels w ith  th e ir respective uses. A t present, how ever, g iven the 
re la tive ly  sm all sample analysed, i t  is n o t possible to  ascertain any co rre la tio n  between 
the sizes and uses o f  the cupels fro m  O berstocksta ll (fig . 84).
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Figure 84. Top, bone ash cupels and the mould for making them 
as represented by Ercker (Sisco and Smith 1951: 33, fig. 6 ). 
Bottom, some of the one 
Oberstockstall.
The conical shape o f the cupels 
w ou ld  make it  easier to  release them  from  
the m ou ld  when m anufactured (fig . 84).
The substantia l thickness o f the bodies is 
explained by the need o f a porous m edium  
to  absorb the lead oxide and o the r base 
metals as they oxidised. A cco rd ing  to  
U ng lik  (2000: 75), the m axim um  am ount 
o f litharge tha t a pure bone ash cupel 
w ith in  the second size range could ho ld  
w ith o u t leakage w ou ld  be tha t produced 
fro m  a 30 to  45 grams lead charge. In  the
hundred cupels recovered in
Figure 85. Example of a cupel whose whole 
body is soaked in lead oxide.
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assemblage fro m  O berstocksta ll, the on ly unused cupel preserved w eights 26 g, whereas 
some o fthe  used ones reach above 140 g. W ith  the exception o f the unused cupel, those 
cupels tha t preserved th e ir o rig in a l shape d id  so because they were fu lly  soaked in  
litharge, w h ich  aupon coo ling  so lid ified , thereby con fe rring  consistency and d u ra b ility  to  
the vessel (fig . 85). F o r these cases, we may assume tha t the cupelled sample was to o  b ig  
fo r the cupel, as the absorption  capab ility o f the porous substrate was used to  its  lim it, 
possib ly before the regulus was com plete ly separated fro m  the host m etal. T h is w ou ld  
p robab ly lead to  an im perfect cupella tion. M ost frequendy, how ever, the litharge d id  n o t 
soak the cupel com plete ly, leaving some o f  the bone ash near the base unconsolidated. 
T h is  ‘clean’ pa rt o f the vessel is no longer present, e ithe r th rough  erosion o f  the friab le  
m ateria l, o r due to  in te n tio n a l recovery o f it  fo r recycling  (see below ). The bases o f 
these cupels thus show a m ore o r less rounded p ro file , re flec ting  the penetration fro n t 
o f the lead oxide w ith in  the body o f  the vessel (fig . 86).
u "  1
Figure 8 6 . Some upturned cupels, most of them showing rounded shapes.
6.4.2. Used cupels and performance
A  detailed analytical investigation  o f some o f  these cupels, in vo lv in g  X -ray 
d iffra c tio n  (X R D ), scanning electron m icroscopy (SEM ) and induc tive ly  coupled plasma 
— op tica l em ission spectrom etry (IC P -O E S ), was conducted by T h ilo  Rehren (1998; see 
also M artinon -T o rres and Rehren 2004b). A p a rt fro m  o ffe rin g  a p ilo t approach to  the 
use o f these vessels and posing some queries fo r fu tu re  w o rk , th is  study presented also a 
p re lim inary assessment o f  the cupels’ m anufacture and perform ance. K n o w in g  tha t the 
ra tio  o f P2O s to  CaO in  bone apatite is about 1:1.2, the like ly  bone ash com ponen t o f  
the cupels cou ld  be subtracted fro m  th e ir b u lk  com positions (Table 5). T h is  showed the 
used cupels to  be made o f about tw o  th irds fin e ly  crushed bone ash and one th ird  
calcareous o r d o lo m itic  clay m ixed in  as a b in d in g  agent. A m ong  n ine cupels analysed,
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th is clay com ponen t ind ica ted  the use o f tw o  d iffe re n t types: one being rich e r in  
magnesia and lim e than the o the r, w h ich  in  tu rn  is h igher in  potash and silica.
The re la tive ly  h igh am ount o f clay re la tive  to  bone ash exceeds clearly w ha t 16th- 
century authors such as A g rico la  (H oove r and H o o ve r 1950: 228-230), B irin g u cc io  
(S m ith and G n u d i 1990: 137-139) and E rcke r (Sisco and S m ith  1951: 26-33) suggest; 
they generally recom m end using pure bone ash, m ixed w ith  egg w h ite  o r w ater as a 
b inder. A lte rn a tive ly , they accept the  use o f  w ood  ashes o r a m ix tu re  o f  b o th , a lthough 
n o tin g  tha t those made o f  pure bone ash p e rfo rm  bette r. Lazarus E rcker, even though 
discouraging th is  practice , m entions the p o ss ib ility  o f using “ a ten th  p a rt o f  good 
p o tte r’s clay,”  p rov ided  tha t “ the clay its e lf is good and fire -res istan t; o therw ise it  does 
the cupels m ore harm  than good”  (Sisco and S m ith  1951: 29).
M icroscop ic  exam ination  o f the used cupels dem onstrated how  the bone apatite 
becomes unstable in  the presence o f  silica, reacting w ith  the lead oxide to  dissolve and 
recrystallise as com plex ca lcium  silica phosphates (Rehren and E ckste in  1996; Rehren 
1998), and in  do ing  so clogg ing up the po ro s ity  needed to  m echanically absorb the 
liq u id  lead oxide. T h is  is p robab ly re flected  in  the sign ificandy lo w e r concen tra tion  o f
lead oxide in  the firs t g roup o f  cupels (on average 64 w t% ), w h ich  is rich e r in  silica, 
com pared to  the second group  (ca. 73 w t%  P bO ), w h ich  is rich e r in  m agnesia and lim e 
(Table 5).
Na20 MgO Al20 3 Si02 k2o CaO FeO clay bone Bi+PbO
OB 936 2.1 4.6 10.9 68.6 6.6 2.4 5.1 11.2 15.4 64.2
OB 876h 1.9 5.3 11.3 68.3 7.2 3.5 4.3 12.2 18.0 60.5
OB 943 2.7 6.2 10.5 66.8 6.4 2.4 5.5 j 13.1 18.9 60.0
OB 917 2.6 8.8 10.7 70.3 4.5 2.8 2.2 8.2 19.1 65.1
OB 932 1.9 10.0 10.6 68.5 4.9 2.4 3.0 7.8 15.6 70.3
OB 928 2.6 11.6 12.0 64.0 3.5 7.7 5.6 4.7 11.8 69.8
OB 876d 1.5 16.8 8.7 70.0 1.5 3.2 1 . 4  ; 5.8 11.1 74.3
OB 919a 2.1 17.6 8.9 62.0 3.0 6.0 3.9 5.6 8.8 74.9
OB 918b 1.0 18.4 11.3 60.9 1.2 5.9 6.0 6.7 7.9 72.4
Table 5. Reconstructing the raw materials of cupels from Oberstockstall, and their ability to 
absorb lead oxide. The first seven columns detail the theoretical clay composition (columns 
Na20  to FeO), followed by the original combined weight percentage of these oxides in the used 
cupels (column ‘clay’), the percentage of bone ash in them (column ‘bone’), and the sum of 
bismuth and lead oxide found in the used cupels (last column). The theoretical clay composition 
was obtained by first reducing the total CaO content by 1.2 times the weight of P2O s to account 
for bone ash, and normalising the light oxides including any remaining CaO to 100 w t% . The 
sum of any P2O s and 1.2 times this weight in CaO was defined as the likely bone ash/apatite 
component. ICP-AES analyses by W . Steger, Deutsches Bergbau-Museum, Bochum (full details 
in Rehren 1998; table from Martindn-Torres and Rehren 2004b).
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6.4.3. Making cupels -  recycling cupels?
D u rin g  a study v is it to  the Museum Der Alchemist in  2001, a lum p was no ticed o f a 
w h ite , flo u r-lik e  pow der (fig . 87). T h is appeared com pressed in  a rough ly cy lind rica l 
shape w ith  a w ide r be lly, about 15 cm  h igh and 10 cm  in  diam eter, w h ich  suggested tha t
i t  cou ld  constitu te  the con ten t o f a sm all
Figure 87. Lump of white powder 
recovered in Oberstockstall (OB 925).
w ooden barre l tha t had decom posed. 
Suspecting tha t th is m ig h t be raw  m ateria l used 
fo r the m anufacture o f  cupels, a sample was 
rem oved fo r fu rth e r investiga tion .
S E M -E D S  analyses revealed 
tha t the pow der consisted o f an 
agglom erate o f  very fine-grained 
bone ash and clay, con ta in ing  sm all, 
angular calcium  silica phosphates, a ll 
o f them  <100 jim  in  diam eter (fig .
88). The b u lk  com position  o f th is 
pow der showed h igh phosphate and 
lim e concentrations, ind ica tive  o f 
bone ash (Table 6, top  row ).
H ow ever, w hen the like ly  apatite
1 300pm 1
com ponent was neglected (as in
Figure 8 8 . Two views of the white powder probably
Table 5) and the results norm alised, used as raw material for making cupels. The
chemical composition of some of the bigger crystals
it  became noticeable tha t the lim e in  js presented in Appendix 1 (OB 925, BSE, top at 60x,
. . . bottom at 2 0 0 x).
the rem ain ing m atter was
s ign ifican tly  h igh  (Table 7). In  add ition , the pow der showed a substantia l copper oxide 
content. F urtherm ore, m any spongy particles were id e n tifie d  w ith in  th is  paste, m ost o f 
them  w ith  copper oxide and lead oxide as m ain elem ents, b u t also con ta in ing  phosphate
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and lim e, as w e ll as varying am ounts o f iro n , n icke l, 2in c , arsenic, b rom ine, silver, 
antim ony and tin  (fig . 89).
MgO Al20 3 cn O N* P2O5 so2 Cl k2o CaO MnO FeO CuO ZnO Ag PbO
OB 925 1.9 3.3 11.8 26.4 3.7 0.4 1.1 44.8 - 4.6 2.2 - <0.2 -
OB 937 3.5 2.3 13.5 12.1 0.3 - 1.3 64.6 - 1.8 0.9 0.1 - 0.7
OB 937 top 5.0 3.3 18.6 9.7 0.3 - 1.3 59.7 0.3 1.8 - - - -
Table 6 . Average bulk chemical composition by SEM-EDS, normalised to 100 wt% , of: OB 925, 
the white powder interpreted as raw material for making cupels; OB 937, the body of the 
unused cupel; and OB 937 top, the fine top layer of the same unused cupel.
Na20 MgO a i2o 3 Si02 so2 Cl k2o CaO MnO FeO CuO ZnO Ag PbO
OB 925 - 4.5 7.8 28.0 8.8 0.9 2.6 31.1 - 10.9 5.2 - <0.2 -
OB 937 - 4.7 3.1 18.1 0.4 1.7 67.2 - 2.4 1.2 0.1 - 0.9
OB 937 top - 6.4 4.2 23.6 0.4 1.7 61.1 0.4 2.3 - - - -
Binder A 2.2 7.0 10.8 68.5 - 5.9 2.7 - 4.0 - - - -
Binder B 1.8 16.1 10.2 64.2 - 2.3 5.7 - 4.2 - - - -
Table 7. Theoretical composition of the clay or binder mixed with the bone ash for making 
cupels. The first three rows present data from the samples in Table 6 after neglecting the bone 
apatite component and normalising to 100 wt%. The bottom rows show the average composition 
of the two clay types identified in Table 5.
100pm 1 1 10pm
Figure 89. Detail of two of the bright particles of bone ash heavily impregnated with metal 
oxides, likely remains of cupellation processes (OB 925, BSE, left at 400x, right at 3200x).
In  v iew  o f th is, i t  cou ld  be proposed tha t th is  pow der was indeed the raw  
m ateria l used fo r m aking cupels, bu t also tha t th is m ateria l was recycled. The bone used 
fo r m aking cupels had to  be bo iled , calcined, crushed, g round, washed, sieved and dried, 
o ften  repeating th is process several tim es, before care fu lly pound ing  them  in  a m ou ld  
and applying a fin e r top  lin ing . C onsidering the am ount o f e ffo rt necessary fo r
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preparing suitable clay-bonded bone
ash fo r cupe lla tion , i t  seems
reasonable to  accept tha t the artisans
w o rk in g  in  O berstocksta ll scrapped
o f f  the re la tive ly  clean bo ttom s o f
used cupels, w h ich  cou ld  then be
easily re -ground and recycled in  the
p rodu c tio n  o f new  vessels. Th is
w ou ld  expla in the presence o f some
sm all spongy particles soaked w ith
m etal oxides — like ly  rem ains o f
previous cupe lla tion  processes, s till
preserving the characteristic texture
o f the bone ash —, as w e ll as the
overa ll copper oxide contam ination
o f the pow der.
T w o  questions regarding th is
m ateria l rem ain: on the one hand,
Figure 90. Two views of the body of the unused the lack o f s ign ifican t traces o f lead
cupel. The chemical composition of some of the
bigger crystals is presented in Appendix 1. Compare oxide, w h ich  one w ou ld  expect to  be
to images in fig. 8 8 , taken to the same scales (OB . . . .
937, BSE, top at 60x, bottom at 200x). con tam ina tion  in  recycled
cupel m ateria l; on  the o the r hand, 
the extrem ely h igh lim e content, w h ich  does n o t m atch the com position  o f the used 
cupels. A  possible explanation fo r the fo rm er p rob lem  m igh t be the re la tive ly  sm all size 
o f  the sample analysed (<0.1 vo l% ), b u t no de fin ite  answer to  th is  m ay be o ffe red  at the 
m om ent. The la tte r question shall also rem ain open, a lthough some c la rifica tio n  arises 
fro m  the analysis o f the unused cupel (fig . 91).
U nder the SEM , the body o f the unused cupel O B  957 appears to  be made o f a 
substance very sim ila r to  tha t described above, a lthough con ta in ing  a larger p ro p o rtio n  
o f re la tive ly  b ig  particles (200-500 pm ) (fig . 90). The b u lk  com position  o f  th is  m ateria l 
rough ly resembles tha t o f the w h ite  pow der, a lthough it  shows a low e r iro n  oxide 
concentra tion  and, m ore im po rtan tly , an even h igher lim e  to  phosphate ra tio  (5.3:1 
com pared to  1.6:1) (Table 6). I t  is tem pting  to  a ttrib u te  the h igh  lim e  concen tra tion  in  
bo th  cases to  post-depositiona l con tam ina tion , nam ely the deposition  o f  calcite fro m
300|jm
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the b u ria l environm ent. In  fact, i f  a ll lim e and 
phosphate are neglected fro m  the b u lk  
com positions, and the results norm alised, the 
resu lting  figures com pare be tte r to  those fro m  
the used cupels — these, fu lly  soaked in  
litharge , were less prone to  the in take o f post- 
depositiona l contam inants (Table 8). H ow ever, 
i t  should be noted  tha t i t  was n o t possible to  
detect any calcite as such w ith in  the specimens 
analysed by SE M -E D S : calcium  always
appeared as a pa rt o f m ore com plex 
com pounds. There fo re , its  p rec ip ita tio n  w ou ld  
have occurred on a very sm all scale o r, possib ly, by absorp tion  on  the m inera l phases o f 
the m a trix  (cf. Freestone 2001: 621-622). O bviously, a lte rnative  explanations cou ld  be 
that, ju s t as d iffe re n t clay types were used as b inders, some batches o f raw  m ateria l may 
have been riche r in  lim e o r calcite, o r even tha t calcite was added to  the c lay /bone  
m ixtu re  in  some cases, perhaps experim enting23. I t  cou ld  even be suggested tha t, ju s t as 
black and shiny were seen as the desirable qualities fo r a good cruc ib le  (section 6.2.3), 
the chym ists in  O berstocksta ll m igh t have been try in g  o u t d iffe re n t m aterials fo r 
cupe lla tion , b u t a ll o f  them  w h ite  and fin e ly  ground. The au tho r cannot re fra in  fro m  
reca lling  some evocative verses by the a lchem ist Thom as N o rto n :
“Colour is the u tm ost th inge o f a Body cleere,
Cleere substance w e ll term ined is his m atte r heere;
I f  Heate hath m aistery in  m atter tha t is drye,
White C o lou r is ever the reo f certainely;
As i t  appeareth in  sight o f b ren t Bones,
A n d  in  m aking o f a ll Lym e Stones.”  (N o rto n  1652: 55).
23 The latter would, however, be detrimental for the performance o f the cupels, since it would cause 
spitting as calcite decomposes to lime and carbon dioxide at temperatures above 840 °C.
Figure 91. Top view of the unused 
cupel OB 957, showing the finer lining 
of the surface (photo Thilo Rehren).
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Na20 MgO Al20 3 Si02 K20 MnO FeO
OB 925 - 8.4 14.5 52.0 4.8 - 20.3
OB 937 - 15.7 10.3 60.3 5.7 - 8.0
OB 937 top - 16.6 10.9 61.1 4.4 1.0 6.0
Binder A 2.2 7.1 11.0 69.6 6.0 - 4.1
Binder B 1.8 16.3 10.3 65.0 2.3 - 4.3
Table 8. Theoretical composition of the clay or binder as detailed in Table 7, after neglecting all 
the phosphate and lime content, as well as traces of use or post-depositional contamination such 
as sulphur, chlorine and heavy metal oxides, and normalising the resulting figures to 100 wt% .
W hatever the case, the resem blance between b o th  samples, i.e. the pow der in  the 
w h ite  lum p and the m ateria l o f the unused cupel, supports the idea o f a sm all-scale, 
possib ly in-house, m anufacture o f cupels, w h ich  invo lved  the recycling  o f  the cleaner 
parts o f used cupels. In te resting ly, the unused cupel also contained spongy particles o f 
m etal oxides, like ly  con tam ination  fro m  previously used cupels (fig . 92).
' ' 45jmT
Figure 92. Detail of two of the spongy particles heavily impregnated with metal oxides and 
found within the body of the unused cupel, similar to those detected in the white powder, and 
likely indication that the cupel was made using recycled material (OB 937, BSE, left at 600x, 
right at 1200x).
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F ina lly , a sm all fra c tio n  o f 
the fin e r pow der lin in g  the top  
cavity o f the unused cupel was also 
exam ined. A lth o u g h  the b u lk  
com position  o f  th is specim en is 
ra the r s im ila r to  tha t o f the body 
(Table 7), its  average gra in  size is 
m uch sm aller, and it  appears m ore 
densely packed, ind ica ting  tha t m ore 
care was taken in  its  preparation (fig .
93). M oreover, in  stark contrast w ith  
the o ther cupel raw  m aterials 
analysed, th is top  lin in g  does n o t conta in  heavy m etal oxides o f any sort, e ithe r as 
discrete particles o r as a general contam ination . A cco rd ing ly , i t  appears tha t fresh ly 
made clay-bonded bone ash was reserved fo r th is surface lin in g .
6.4.4. Summary and further discussion
The sc ien tific  analyses o f the cupe lla tion  rem ains fro m  O berstocksta ll suggest 
tha t cupels were m anufactured fro m  a m ix tu re  o f fin e ly  crushed bone ash and clay, and 
tha t th is m ateria l was recycled. T h is  recycling  could expla in the rounded p ro file  o f  the 
base o f m ost used cupels as a resu lt o f scraping o f f  the clean parts o f  the used vessels, 
contrary to  the assum ption tha t th is shape is the resu lt o f post-depositiona l abrasion. 
T h is  m ateria l w o u ld  be collected fo r the m anufacture o f  new cupels, to  be carried o u t 
e ithe r by the chym ists them selves o r by som ebody else.
S ixteenth-century w ritte n  sources emphasise tha t the p ro d u c tio n  o f cupels is a 
very in trica te  process, w ith  w h ich  m ost potters are n o t fam ilia r. T h is  explains w hy the 
chym ists w o rk in g  in  O berstocksta ll, w ho go t the bu lk  o f  th e ir techn ica l equ ipm ent fro m  
specialised producers, required a m ore autonom ous strategy to  ensure the supply o f 
cupels. M ix in g  the bone ash w ith  clay p robab ly made i t  easier to  m ou ld  the cupels, as it  
w ou ld  con fe r m ore consistency to  the paste. H ow ever, i t  also m eant a decrease in  the 
absorption  a b ility  o f the vessel. The use o f d iffe re n t clay types as b in d in g  agents fo r  the 
bone ash, as ind ica ted by the chem ical analyses, fu rth e r stresses the idea o f  a non­
standardised m anufacture.
70 pm
Figure 93. BSE photomicrograph of the top lining of 
the unused cupel. Note the fine-grained matrix and 
the small size of the crystals, in spite of the high 
magnification of the image. Compare to figs. 88 and 
90 (OB 937, BSE, 800x).
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The re-use o f cupel m ateria l is n o t described in  the w ritte n  sources, and th is 
constitu tes the firs t archaeological evidence docum enting such a practice. N o rm a lly , the 
used cupels w o u ld  sim p ly be p u t aside and stored fo r fu tu re  processing because, as 
noted  by E rcke r “ they con ta in  some s ilve r”  and “ can always be tu rned to  p ro fit by 
m e ltin g  o u t the s ilve r they con ta in ”  (Sisco and S m ith  1951: 78). The recycling  o f  pure 
bone ash in  its e lf w o u ld  n o t necessarily m ean any com prom ise in  the perform ance o f 
the new  vessels; ra ther, i t  cou ld  be seen as an in te llig e n t rou tine . M oreover, the use o f 
fresh ly made m ateria l fo r the top  concavity shows a concern w ith  m in im is in g  
con tam ina tion . H ow ever, as po in ted  o u t above, the cupels fro m  O berstocksta ll were 
bonded w ith  a substantia l p ro p o rtio n  o f clay, w h ich  favoured the developm ent o f 
im perm eable ca lcium  silica phosphates under h igh  tem peratures. As the p ro p o rtio n  o f 
these crystals w o u ld  increase w ith  successive heatings over repeated recycling  events, the 
absorp tion  capab ility  o f  the m a trix  w ou ld  progressively decrease.
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6.5. Comparative material from the Oberstockstall assemblage
In  o rde r to  place the h igh-tem perature technica l ceram ics in  a w ide r perspective, 
the firs t step w ill be com paring them  to  o the r artefacts found  w ith in  the same 
labora to ry assemblage. W h ile  it  o ffe rs  a m ore com prehensive v iew  o f the labora to ry 
equipm ent, th is com parison shall advance the assessment o f the technica l standard and 
degree o f specialisation o f the d iffe re n t wares, as w e ll as h ig h lig h tin g  the choices made 
by the potters and chym ists w ho were m aking, trad ing  and using them .
A  num ber o f com parative samples were selected and m ounted fo r analysis, 
try in g  to  cover the w hole spectrum  o f fabrics represented in  the co llec tion  (see section 
6.1). These inc lude  a green-glazed s till head, tw o  d iffe re n t transparent-glazed types, an 
unglazed cucurb it, an unglazed funne l, and tw o  fragm ents o f b lack containers (one o f 
them  stam ped). The analytica l results fo r these specimens w ill be ou tlined  firs t, fo llow ed  
by a m ore inclusive  discussion.
6.5.1. Characterisation
a) Distillation and sublimation equipment
The sample O B  n00424 is a fragm ent o f one o f at least six instrum ents o f  its  k in d  
recovered in  O berstocksta ll. These are in te rn a lly  transparent-glazed containers w ith  an 
open p ro file , ~120 m m  h igh and 200 m m  in  diam eter. The m ost characteristic feature 
o f these vessels is an in te rna l g rid  o r 
‘stand’ at the upper th ird , consisting 
o f tw o  perpend icu lar ceram ic coils 
tha t fo rm  a h o rizo n ta l cross, 
supported by a centra l p illa r. In  some 
cases, the body bears fo u r equid istant 
pe rfo ra tions near the rim  (fig . 94).
A lth o u g h  the fu n c tio n  o f these 
instrum ents rem ains unclear, i t  has 
been related to  sandbath d is tilla tio n ,
24 The specimen for analysis was taken from a bag, labelled with three find numbers (F .N . 16 /3 , F .N . 38 
and F .N . 74) and containing several sherds without identification numbers, but its characteristic shape 
clearly allows the attribution o f the selected sample to the instrument type discussed.
Figure 94. Instrument possibly used as a stand 
for a phial in sandbath distillation (OB 85). 
Scalebar is 5 cm.
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w here they cou ld  fu n c tio n  as stands fo r the phials, and as a means o f w ater coo ling  
(Soukup and M ayer 1997: 125-129).
The fab ric  o f th is apparatus is very s im ila r to  tha t o f  the non-g raph iric  triangu la r 
crucibles. The chem ical com position  o f the m a trix  clearly fa lls w ith in  the same range 
(Table 9), w h ile  the size, shape and id e n tity  o f the m inera l inclusions are the same. A s in  
these crucibles and the scorifie rs, these also m ostly quartz, together w ith  some feldspar, 
rare iro n  oxide, hornblende, m ica and tin y  ilm en ite , rutdle and z ircon  particles. The 
co lo u r o f the paste is b rig h t orange as a resu lt o f an ox id is ing  firin g , in  con trast to  the 
grey, reduced-fired , crucib le  fabrics. I t  shows on ly in itia l stages o f  v itrific a tio n . The glaze 
consists o f  a ~100 pm  th ic k  hom ogeneous layer o f lead silicate con ta in ing  m in o r 
am ounts o f a lum ina and iro n  oxide, together w ith  traces o f potash and lim e (fig . 95; 
Table 10).
600pm
Figure 95. Two views of the fabric of the ‘sandbath’ instrument, showing abundant silicate 
inclusions, most of them quartz (dark grey) in a matrix with little vitrification, and a thin lead 
glaze layer on the surface (left) (OB n004/sl, BSE, left at 50x, right at lOOx).
173
Marcos Martin6n-Torres 6. The laboratory equipment from Oberstockstall
The rest o f  the d is tilla tio n  and 
sub lim a tion  equipm ent analysed stand 
o u t because o f the low er alum ina and 
iro n  oxide concentrations in  th e ir 
ceram ic m atrices (Table 9). The 
ins trum en t O B  17 is an a lem bic o r 
cap ita l used fo r sub lim ation . I t  has a 
g lobu la r shape, 150 m m  h igh , w ith  a 
ve rtica l handle and a spout on  top  
th rough  w h ich  w ater o r o the r m aterials 
cou ld  be added, w h ile  i t  served as an 
e x it fo r vapour. The b o tto m  pa rt is
open and has a rim  tha t w ou ld  f i t  in , and be lu ted  to , the m ou th  o f a cucu rb it. The
co lou r o f the paste is b u ff to  orange, b u t the inne r surface is covered by a green glaze 
(fig . 96).
The fabric o f th is capita l shows 
very little  v itrific a tio n . I t  contains about 
30 vo l%  silicate inclusions, subangular 
and w ith  a m oderate degree o f  sphericity, 
n o t very w e ll sorted and reaching up to  
0.5 m m  in  diam eter. M ost o f these are 
quartz fragm ents — the biggest o f w h ich  
appear shattered —, a lthough some 
feldspar is present, as w e ll as rare 
am phibole , ilm en ite , ru tile  and zircon.
The ~200 pm  th ic k  glaze covering the 
in n e r surface is a lead silicate conta in ing 
~4.5  w t%  copper oxide (fig . 97; Table 10).
G iven  its  fragm entary cond itio n , the next piece o f  d is tilla tio n  equipm ent 
analysed (O B  n002) m ig h t be a ttribu ted  to  e ithe r a cu cu rb it (the pear-shaped con ta ine r 
fo r the substance to  be d is tille d , w h ich  w o u ld  be covered by the capita l) o r a receiver (a 
s im ila rly  shaped vessel, connected to  the spout o f  the cap ita l to  co lle c t the d is tille d  
sp irits). B o th  types are op tica lly  very s im ila r in  th e ir fa b ric  and shape, the m ain 
d iffe rence being the diam eter o f th e ir rim s -  no rm a lly  larger in  the cucu rb it, to  m atch
600pm
Figure 97. Image of the fabric of the capital. 
Note the cracks in the biggest quartz inclusion 
(dark grey), the glaze layer (bright), and the 
traces of the lute used to seal this capital to a 
cucurbit (top) (OB 17/sl, BSE, lOOx).
Figure 96. Green-glazed sublimation capital. The 
sample was taken from the base rim (OB 17). 
Scalebar is 15 cm.
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the open base o f the alem bic, and 
sm aller in  the receiver, to  
accom m odate the spout (fig . 98).
The approxim ate ly 25 vessels o f 
b o th  types recovered in  
O berstocksta ll have an average 
he igh t o f 300 m m  and a m axim um
diam eter o f 180 m m . They o fte n  Figure 98. Some receivers (left) and cucurbits (right)
from Oberstockstall. Scalebar is 15 cm.
show  traces o f a th in  layer o f  lu te
coating the ou te r surfaces, ind ica tin g  a practice advised in  contem porary treatises (e.g. 
S m ith and G n u d i 1990: 196-197).
The characterisation o f the fab ric  o f th is in s trum en t m atches exacdy tha t o f the 
sub lim ation  capita l, except tha t the chem ical com position  o f  the m a trix  shows low e r 
alum ina levels and, conversely, a h igher potash con ten t (fig . 99, le ft; Table 9). There is a 
substantia l sedim ent adhering to  the inne r surface, very porous and reaching up to  1 
m m  in  thickness, w h ich  consists p rim a rily  o f silica (Table 11). T h is  m atte r shows a 
layered m icrostructu re  typ ica l o f heavily weathered glasses (cf. Freestone 2001: 618- 
619), there fore  its  chem ical com position  is un like ly  to  o ffe r any re liab le  estim ate o f  the 
o rig ina l con ten t (fig . 99). H ow ever, the very presence o f th is sedim ent, im probab le  
com ponent o f a fresh ly d is tille d  liq u id , may be taken as an in d ica tio n  th a t the ins trum en t 
in  question is a cu cu rb it ra ther than a receiver.
600pm
Figure 99. Left, ceramic fabric of the cucurbit, with shattered quartz grains and other silicate 
inclusions, and a residue adhering to the inner surface (top). Right, detail of this residue, with a 
sublayered structure typical of weathered glasses (OB n002/sl, BSE, left at lOOx, right at 800x).
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The last d is tilla tio n  apparatus analysed is a funnel-shaped ins trum en t w ith  a long  
neck (O B  n005), o f w h ich  approxim ate ly ten were found , in te rp re ted  by Soukup and
M ayer (1997: 68-69) as a ‘tru m p e t’, a piece o f 
equipm ent used fo r d is tilla tio n  by 
descension. Its  fab ric  is also com parable to  
tha t o f the cucu rb it and the capita l, a lbe it 
w ith  an even low er alum ina con ten t and a 
h igher occurrence o f sm all z ircon  inclusions 
(Table 9). The in n e r surface shows evidence 
o f repeated sm oking, probab ly secondary, 
and some adhering residue w h ich  in  some 
instrum ents appears clearly s lipp ing  dow n the 
slope o f the funne l. In  the analysed 
specim en, th is sedim ent appears separated in  
tw o  layers, the one at the surface being riche r 
in  iro n  oxide, and the one beneath riche r in  silica (figs. 100-101; Table 11). Nonetheless, 
th is segregation m ay be the resu lt o f post-depositiona l w eathering, as the structure  in  
subparalle l bands, characteristic o f the hydrated silica layer in  corroded glasses, is also 
noticeable here.
Figure 100. Two of the ‘trumpets’ from 
Oberstockstall. Scalebar is 15 cm.
Figure 101. Left, fabric of a ‘ trumpet’ with adhering residue on the inner surface (top). Right, 
detail of this residue showing two distinct layers and subparallel bands, separated probably due 
to weathering (OB n005/sl, BSE, left at 200x, right at 500x).
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Na20 MgO a i2o3 Si02 m
o
IN
CL S02 Cl k2o CaO Ti02 FeO
OB n004 ('sandbath') 0.2 0.7 32.0 56.4 0.1 - - 1.8 0.9 1.4 6.4
OB 17 (capital) 0.3 0.7 26.0 65.6 0.2 - - 1.7 1.1 1.4 2.9
OB n002 (cucurbit) 0.5 0.4 23.1 66.7 0.2 - - 5.2 0.4 1.1 2.4
OB n005 ('trumpet') 0.3 0.9 20.9 69.6 0.1 - - 2.0 1.6 1.6 2.9
Crucibles 0.2 0.7 32.4 57.3 0.3 - - 2.1 0.7 1.3 5.0
Scorifiers fabric A 0.8 0.5 31.9 55.3 0.3 <0.5 <0.1 3.3 0.6 1.3 5.4
Scorifiers fabric B 0.2 0.5 31.8 59.8 0.2 - <0.2 1.9 0.6 0.6 4.3
Table 9. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of distillation and sublimation instruments from Oberstockstall. The bottom rows 
present the average compositions of crucibles and scorifiers for comparative purposes.
a i2o3 Si02 K20 CaO FeO CuO PbO
OB 17 (capital) 1.2 34.4 - 0.7 - 4.5 59.6
OB n004 ('sandbath') 4.5 27.9 0.7 1.0 2.8 - 63.1
OB n003 (orange pot) 2.3 33.2 0.2 1.7 4.9 - 57.8
Table 10. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the glazes 
covering the inner surfaces of some of the instruments.
Na20 MgO a i20 3 Si02 K20 CaO MnO FeO As20 3 PbO
OB n002 (cucurbit) 0.5 4.1 88.0 2.0 2.4 - 1.8 0.6 0.7
OB n005 inner ('trumpet') 1.8 1.5 5.3 79.3 3.9 2.9 1.4 3.1 - 0.8
OB n005 outer ('trumpet') 0.4 5.7 32.8 0.8 - 0.6 60.2 - -
Table 11. Average bulk chemical composition by SEM-EDS, normalised to 100 w t% , of the 
residues left inside the cucurbit and the ‘trumpet’.
b) Ceramic containers
The sherd O B  n003 (F .N . 38) is a fragm ent o f the  body o f  a th in  (~ 4  m m ), 
orange, in te rna lly  glazed p o t w ith  a re la tive ly  b ig  diam eter and noticeab le grooves fro m  
the p o tte r’s w heel, a lthough the exact shape o f the o rig in a l a rte fact canno t be 
reconstructed. Its  fab ric  is analogous to  th a t o f  the n o n -g ra p h itic  sco rifie rs  (fa b ric  B ), 
con ta in ing  about 40 vo l%  o f sm all, subangular, m oderate ly sphero id  silicate  inc lus ions — 
m osdy consisting  o f  quartz, some feldspar, am phibo le , iro n  oxide  and m ica —, together 
w ith  some argillaceous inclusions tha t may be in te rp re te d  as grog, and m inu te  ilm en ite , 
ru tile  and z ircon . I t  shows very litd e  v itr ific a tio n . T he  co m p o s itio n  o f  the  ceram ic 
m a trix  is nearly iden tica l to  th a t o f the sco rifie rs, o n ly  show ing  a s lighdy h ighe r lim e
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conten t (Table 12). The glaze is a lead silicate layer, slighdy th icke r (~200 [im ) and riche r 
in  silica and iro n  oxide than the one on the ‘sandbath’ ins trum en t (fig . 102; Table 10).
Figure 103. Black unstamped pot OB 389. 
Scalebar is 15 cm.
Figure 102. Two views of the fabric of a ceramic container. In the left image, the silicate
inclusions may be noticed, as well as a big grog inclusion next to a large crack. In the right one,
the interface between the ceramic and the inner glaze is shown. Note the limited vitrification 
(OB n003/sl, BSE, left at 50x, right at lOOx).
A no the r com parative sample was 
taken fro m  one o f the several unstam ped 
black jars, nam ely a 155 m m  high 
cy lind rica l p o t w ith  s ligh tly  w ide 
shoulders, a convex rim  (162 m m  in  
diam eter) and a ve rtica l handle (O B 389).
The core o f the fabric  is lig h t grey, w h ile  
the surfaces appear burnished and
sm oked, hence show ing a characteristic 
black m eta llic lustre, com parable to  tha t 
described fo r the unused crucibles (fig .
103). In te resting ly, iden tica l pots were 
found  in  the estate o f the apothecary in  
K rem s, some 20 km  fro m  
O berstocksta ll. H is to rica l records have 
revealed tha t D r. W olfgang K app ler, 
w ho owned the apothecary since 1527, 
m aintained a close personal and 
professional re la tionsh ip  w ith  the
600pm
Figure 104. Fabric of the unstamped black pot, 
similar to that of the glazed one (see fig. 102), 
but showing more vitrification (OB 389/sl, 
BSE, lOOx).
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Trenbachs w o rk in g  in  O berstocksta ll. W hen C hris toph  von  T renbach died in  1549, he 
owed 4000 fl. to  D r. K app le r, w h ich  had to  be disbursed by U rban, C h ris to p h ’s b ro the r. 
These facts had led to  hypothesise tha t these pots cou ld  have been used as containers 
fo r the trade o f chem icals (von O sten 1998: 55).
The fab ric  o f  th is p o t is akin to  the previous one (O B n003), a lthough no  grog 
inclusions were id e n tifie d . The nature and d is trib u tio n  o f the m inera l inclusions is the 
same, a lthough these are slighdy less abundant, and the chem ical com position  is 
analogous (Table 12; the m ain differences appearing in  the lim e and su lphur 
concentrations, relatable to  b u ria l con tam ination). O n ly  the surface fin ish  and the fir in g  
cond itions clearly d iffe r. In  add ition , th is paste shows a m ore advanced stage o f 
v itrific a tio n , w ith  developm ent o f fine  to  m edium  vo ids (fig . 104). O vera ll, i t  seems 
reasonable to  assume a com m on o rig in .
Figure 105. Left, dark ware. Right, detail of the Obernzell stamp on the rim (OB  
362).
The o the r dark ware am ongst
the com parative samples is a sherd
(O B  362) fro m  a b ig  ob long  p o t, 240
m m  h igh, w ith  a convex rim  bearing
one o f the typ ica l stamps fro m
O bernze ll. T he  surface o f th is  vessel
is ne ithe r as dark n o r as sm ooth  as
tha t o f the p revious one, a lthough it
also shows a sm oked fin ish  (fig . 105). 
Figure 106. Fabric of a stamped pot, showing
silicate inclusions together with some residual In  the core, the co lo u r o f the paste is
graphite (bottom right) (OB 389/sl, BSE, lOOx).
600um
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b u ff, there fo re  one may presum e an ox id is ing  atm osphere in  the k iln , w ith  the m ore 
reducing sm oking taking  place tow ards the end o f the firin g . The v itr ific a tio n  is very 
low , and the o rie n ta tio n  o f  the clay m inerals is s till noticeable. The fa b ric  conta ins 
num erous subspherical silicate inclusions (30-40 vo l% ), m ostly  quartz fragm ents, the 
biggest o f w h ich  (~0.5 m m ) appear shattered. A lso  iro n  oxide, fe ldspar, am phibole , 
ilm e n ite  and ru tile  were id e n tifie d  as m inera l inclusions, together w ith  m ica, w h ich  
seems to  occur m ore frequen tly  than in  the previous samples. In te resting ly , also some 
(~ 5  vo l% ) scattered graphite  fragm ents are present, som etim es in te rg row n  w ith  silicates 
(fig . 106). D ue to  th e ir lo w  concentra tion , and bearing in  m in d  th a t na tu ra lly-bearing  
g raph ite  clay banks were available in  early m odem  O bernze ll (Bauer 1983> 29), th is 
graph ite  is deemed a residual inc lus ion  ra ther than a rtific ia l tem per. C om positiona lly , the 
ceram ic m a trix  appears poo re r in  alum ina and rich e r in  iro n  oxide than tha t o f the o the r 
b lack p o t (Table 12).
Na20 MgO Al20 3 Si02 P 2 O 5 S02 Cl k2o CaO Ti02 FeO
OB n003 (orange) 0.2 0.5 31.8 59.5 0.2 - - 1.2 1.8 0.7 4.2
OB 389 (unstamped) 0.3 0.9 31.8 55.0 0.2 1.3 - 1.7 3.7 0.7 4.4
OB 362 (stamped) 0.2 1.0 27.1 59.0 0.2 - - 1.7 1.0 1.4 8.3
Crucibles 0.2 0.7 32.4 57.3 0.3 - - 2.1 0.7 1.3 5.0
Scorifiers fabric A 0.8 0.5 31.9 55.3 0.3 <0.5 <0.1 3.3 0.6 1.3 5.4
Scorifiers fabric B 0.2 0.5 31.8 59.8 0.2 - <0.2 1.9 0.6 0.6 4.3
Table 12. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of some big vessels from the Oberstockstall assemblage. The bottom rows present the 
average compositions of crucibles and scorifiers for comparative purposes.
c) Lute
The last ceram ic type fro m  the O berstocksta ll assemblage presented as 
com parative m ateria l is the lu te , used fo r coating cucurb its and receivers — thereby 
m in im is ing  the heat shock and preven ting  the loss o f  the contents in  the event o f 
cracking —, sealing the jo in ts  between m atch ing pieces o f  equ ipm ent, o r sh u ttin g  the 
m ouths o f  crucibles o r o the r vessels fo r reactions in  closed atm ospheres. A s no ted  by 
B iringucc io , the lu te  had to  be made “ fro m  a clay th a t is n o t viscous by nature, does n o t 
crack th rough  shrinkage on drying, and is fire -res is tan t”  (S m ith  and G n u d i 1990: 197). 
O th e r desirable properties were m a lleab ility  and resistance to  a ttack by acids. I t  had a 
v ita l ro le  to  play in  the perform ance o f the equ ipm ent and the e ffic ie n t execution  o f 
several operations. S ign ifican tly , chym ists o fte n  re fe rred  to  it  as lutum sapientiae, w h ich
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w ou ld  translate as ‘solder o f w isdom ’, and contem porary treatises devote several pages 
to  de ta il d iffe re n t recipes (cf. Thom as 2001).
B o th  the lu te  layers adhering to  the ou te r surface o f  crucib le  O B  495 and 
cu cu rb it O B  n002 con ta in  a large ( -5 0  vo l% ) p ro p o rtio n  o f m inera l inc lus ions, b u t a ll 
o f  them  are very fine , suggesting th a t the clay was sieved, as was com m on practice at the 
tim e. These consist m ostly o f quartz and potassium  feldspar, as w e ll as o th e r silicates 
and m ica (fig . 107). There is re la tive ly  little  v is ib le  b in d in g  glassy phase between the clay 
and m inerals, and the re la tive ly  h igh  po ros ity  may have o rig ina ted  fro m  an organic 
b inde r o r charcoal dust w h ich  has burned out. C om positiona lly , the clay m a trix  appears 
in  b o th  cases p o o r in  alum ina and very rich  in  lim e  (Table 13). The la tte r m ig h t be due 
to  the deliberate add ition  o f unslaked lim e, as recorded in  one o f  the recipes p rov ided  
by E rcker (Sisco and Sm ith 1951: 153), and said to  be pa rticu la rly  resistant to  chem ical 
attack.
iSofS I ' 100pm
Figure 107. Left, interface between the body of a cucurbit (top) and the lute adhering to the 
outer surface. Right, detail of the lute attached to a triangular crucible (BSE; left, OB n002/sl at 
500x; right, OB 495/s2 at 400x).
Na20 MgO Al20 3 Si02 10
O<NCL so2 Cl K20 CaO T i0 2 FeO
Lute crucible OB 495 0.5 4.6 11.8 44.0 0.9 0.6 0.8 0.8 24.3 1.0 10.8
Lute cucurbit OB n002 0.7 3.6 9.2 51.6 0.4 - 0.4 4.2 25.5 0.3 4.0
Table 13. Average chemical composition by SEM-EDS, normalised to 100wt%, of ceramic 
matrices of the lute samples from two different instruments.
181
Marcos Martin6n-Torres 6. The laboratory equipment from Oberstockstall
6.5.2. Ceramic materials in the Oberstockstall laboratory: an overview
The detailed analyses o f the crucib les, scorifie rs and cupels fro m  O berstocksta ll, 
in  con ju n c tio n  w ith  the exam ination o f com parative m ateria l fro m  the same assemblage, 
a llow  a m ore com prehensive approach to  the techn ica l standard and the choice o f 
ceram ics in  the labora to ry. D ue to  the lack o f trace elem ental com positions o r 
exhaustive petrograph ic analyses o f th in  sections, the g roup ing  and provenancing  o f 
some o f these instrum ents has to  rem ain tenta tive . N onetheless, the available 
in fo rm a tio n  serves as a basis fo r some general in te rp re ta tio ns , w h ich  w ill be expanded in  
the next section a fte r the com parison o f these w ith  ceram ic m aterials fro m  o th e r sites.
In  broad term s, tw o  clearly d iffe re n t fab ric  groups are represented. These are, on 
the one hand, the high-m agnesia, h igh -lim e  m ateria l used as lu te  and as a b in d e r fo r the 
bone ash in  the cupels; and, on the o the r hand, the h igh-a lum ina clays used fo r a ll the 
rest o f the equipm ent (Table 14). I t  is w o rth w h ile  rem em bering tha t the lu te  and the 
cupels are, in  a ll like lih o o d , the m aterials m anufactured by the chym ists them selves, 
whereas the degree o f standardisation o f the rest o f  the instrum ents clearly po in ts  to  a 
m ore centralised and specialised p roduction . Thus, the analytical data suggests tha t the 
artisans w o rk in g  in  O berstocksta ll used d o lo m itic  clays, possib ly co llected in  close 
v ic in ity , w h ils t o the r clay banks, p robab ly fro m  m ore d is tan t sources (see be low ), were 
exp lo ited  by specialised potte rs in  o rde r to  produce the rest o f  the artefacts.
W ith in  the group o f h igh-a lum ina ceram ics, some subgroups can be dem arcated, 
m ain ly on the basis o f the d iffe re n t S i:A l:Fe ra tios (fig . 108). F irsdy, there is a subgroup 
o f  fabrics noticeab ly s im ila r to  those id e n tifie d  in  crucib les and sco rifie rs. T h is  includes 
the orange-glazed conta iner O B  n003 and the unstam ped b lack ja r O B  389, no tab ly  
s im ila r to  some scorifie rs (fab ric  B ), together w ith  the ‘sandbath’ in s tru m e n t O B  n004, 
w h ich  resembles pa rticu la rly  the paste o f  the cm cibles. A s discussed in  the section on 
sco rifie rs  (6.3.3), there are reasons to  believe tha t the crucib les and sco rifie rs  in  
O berstocksta ll were supplied by the same producer, w ho  used a range o f  s im ila r clays, 
perhaps a fte r re fin in g  them . By association, these o the r vessels w o u ld  be long to  the 
same group (Table 14).
The stam ped black conta iner O B  362, undoub ted ly  produced in  O be rnze ll, is 
d is tin c t in  th a t is shows slighdy low er a lum ina and h ighe r iro n  oxide  concentra tions, as 
w e ll as residual inclusions o f g raph ite  and m ore abundant m ica. F u rthe rm ore , the paste 
is m ore b u ff than grey, and its  surface fin ish  is n o t so sm ooth , hence i t  is te m p tin g  to
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suggest a d iffe re n t provenance. T h is  idea w ill be developed in  the next chapter, in  the 
lig h t o f m ore analytical data.
F ina lly , another subgroup cou ld  be made w ith  the ceram ic fabrics o f the 
sub lim a tion  cap ita l (O B  17), the cucu rb it (O B  n002) and the ‘tru m p e t’ (O B  n005). 
W hen com pared to  the ceram ics ascribed to  the O bernze ll p roducer, these fabrics are 
characterised by the lo w e r alum ina and iro n  oxide levels, the correspond ing  h ighe r silica 
con ten t and, in  the case o f the capita l, a d is tin c t glaze (Table 14). Perhaps these three 
instrum ents, a ll o f  them  specialised and d irecdy related to  w e t chem ical operations, were 
n o t am ongst the range o f types produced by the po tte rs  w ho  made the h igh - 
tem perature ceram ics and o the r b lack wares, and the chym ists w o rk in g  in  O berstocksta ll 
obta ined them  fro m  a d iffe re n t m anufacturer. O p tica lly  s im ila r, unglazed and green- 
glazed b u ff fabrics, have been id e n tifie d  in  ceram ics excavated in  L in z  (U pper A ustria ) 
and held at the Luzndesmuseum (S. von  O sten, pers. com m . 2004), and i t  is possib ly in  th is 
reg ion where we should be lo o k in g  fo r the p roducer o f d is tilla tio n  wares. The on ly 
apparatus fro m  O berstocksta ll re lated to  d is tilla tio n  and n o t inc luded  in  th is category o f 
fabrics is the ‘sandbath’ instrum ent. In  the absence o f any archaeological o r h is to rica l 
evidence o f such an unusual type, and considering  its  re la tive ly  easy m anufacture , it  
cou ld  be suggested tha t th is in s trum en t type was made loca lly  at the special request o f 
the O berstocksta ll chym ist. I t  is w o rth  n o tin g  tha t the glaze on th is a rte fact is also 
d iffe re n t fro m  those on the d is tilla tio n  instrum ents.
M anifesdy, th is  hypothesis cannot be ascertained before  m uch m ore h is to rica l 
and archaeom etric research is carried out. In  the m eantim e, one shou ld  also consider the 
poss ib ility  tha t a ll the com parative m ateria l analysed, in c lu d in g  the d is tilla tio n  
equipm ent, was produced by a single group o f potters, w ho  resorted to  a range o f clays 
m uch w ide r than believed here. Should th is be the case, then i t  should be stressed how  
the h igh-tem perature ceram ics, nam ely crucibles and sco rifie rs, in va ria b ly  fa ll w ith in  the 
a lum ina-rich  end o f the spectrum .
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Na20 MgO Al20 3 Si02 P 2 O 5 S02 Cl k2o CaO TiO FeO
Cupel binder A 2.2 7.0 10.8 68.5 - - - 5.9 2.7 - 4.0
Cupel binder B 1.8 16.1 10.2 64.2 - - - 2.3 5.7 - 4.2
Cupel OB 937 - 4.5 7.8 28.0 - 8.8 0.9 2.6 31.1 - 10.9
‘Bone ash’ OB 925 - 4.7 3.1 18.1 - 0.4 - 1.7 67.2 - 2.4
Lute crucible OB 495 0.5 4.6 11.8 44.0 0.9 0.6 0.8 0.8 24.3 1.0 10.8
Lute cucurbit OB n002 0.7 3.6 9.2 51.6 0.4 - 0.4 4.2 25.5 0.3 4.0
OB n004 ('sandbath') 0.2 0.7 32.0 56.4 0.1 - - 1.8 0.9 1.4 6.4
Crucibles 0.2 0.7 32.4 57.3 0.3 - - 2.1 0.7 1.3 5.0
Scorifiers fabric A 0.8 0.5 31.9 55.3 0.3 <0.5 <0.1 3.3 0.6 1.3 5.4
Scorifiers fabric B 0.2 0.5 31.8 59.8 0.2 - <0.2 1.9 0.6 0.6 4.3
OB n003 (orange) 0.2 0.5 31.8 59.5 0.2 - - 1.2 1.8 0.7 4.2
OB 389 (unstamped) 0.3 0.9 31.8 55.0 0.2 1.3 - 1.7 3.7 0.7 4.4
OB 362 (stamped) 0.2 1.0 27.1 59.0 0.2 - - 1.7 1.0 1.4 8.3
OB 17 (capital) 0.3 0.7 26.0 65.6 0.2 - - 1.7 1.1 1.4 2.9
OB n002 (cucurbit) 0.5 0.4 23.1 66.7 0.2 - - 5.2 0.4 1.1 2.4
OB n005 ('trumpet') 0.3 0.9 20.9 69.6 0.1 - - 2.0 1.6 1.6 2.9
Table 14. Comparative presentation of the average chemical composition of the ceramic 
matrices of different artefact types recovered in Oberstockstall and discussed in the text. Bold 
horizontal lines separate clearly different clays; the double grey horizontal line demarcates two 
slightly different clay matrices within the same broad fabric type.
FeO
Figure 108. Ternary diagram plotting the S i0 2:Al20 3:Fe0 ratios of the crucibles, scorifiers and 
comparative ceramic material from Oberstockstall. Note the tight clustering of most artefacts, 
except for the clay sample from Obernzell, the distillation equipment and the stamped pot from 
Obernzell.
• Crucible
O Scorifier A
• Scorifier B
O Distillation
O OB n003 (orange glaze)
□ OB 362 (stamped)
O OB 389 (unstamped)
O OB n004 ('sandbath')
• Obernzell clay OBZL
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6.6. Summary
The assemblage fro m  O berstocksta ll com prises a very com prehensive array o f 
s ta te -o f-the -a rt chym ica l equipm ent, as used in  a 16th-cen tu ry labora to ry. M o s t o f  the 
utensils represented are know n  fro m  contem porary w ritte n  sources, and attest the 
conduction  o f b o th  w e t and dry chem ical operations in v o lv in g  the assaying a n d /o r 
re fin in g  o f nob le  m etals, b u t p robab ly o the r processes as w e ll.
F o r th is thesis, the focus o f the analytical w o rk  was placed on the techn ica l 
ceram ics used fo r h igh-tem perature operations — nam ely crucib les, scorifie rs and cupels 
—, a lthough o the r ceram ic objects fro m  the same assemblage were also analysed, in  o rde r 
to  a llow  com parisons and to  p rov ide  a m ore com prehensive p ic tu re  o f the supply and 
use o f d iffe re n t wares. The fo rm a l and m ateria l p roperties, and the perform ance 
characteristics, o f these artefacts were discussed paying special a tten tion  to  the choices 
made by the people w ho m anufactured and used them . T h is  allow s a p re lim ina ry  in s ig h t 
in to  the chatne operatoire o f  th is labora to ry, illu s tra tin g  n o t on ly  how  d iffe re n t too ls  related 
to  each o the r in  the p ro v is io n  and use o f chym ical equipm ent, b u t also how  th is 
labora to ry engaged w ith  the surround ing  na tu ra l and cu ltu ra l w o rld .
The ins trum en t m ost heavily represented in  the assemblage is the triangu la r 
crucib le . The m ateria l properties o f these vessels w ou ld  generally be adequate to  
w ithstand  the therm al, chem ical and m echanical stresses to  w h ich  they were subjected 
du ring  use. T h is is pa rticu la rly  true fo r those con ta in ing  graph ite  inc lus ions w ith in  the 
fabric. The presence o f some crucib les tha t do n o t con ta in  g raph ite , coupled w ith  
re levant h is to rica l in fo rm a tio n , suggests th a t perhaps the m ine ra l g raph ite  was n o t 
clearly recognised as such in  the 16th century, and tha t the e ffic iency o f the crucib les was 
n o t related to  it. W hat seems m ore unam biguous is a concern w ith  the external 
appearance o f  the crucibles, w h ich  were deliberate ly made sm ooth  and b lack. These 
ideas w ill be considered in  m ore de ta il in  the next chapters.
The scorifie rs o r shallow  ceram ic dishes were made w ith  d iffe re n t fa b ric  types, 
tw o  o f w h ich  appear m ore frequently  represented: one is id e n tica l to  th a t o f the 
g raph itic  crucib les, and another one tem pered w ith  grog. These w ere versatile  too ls  used 
fo r a varie ty o f  processes, b u t one o f  the m ost characteristic  ones was the  o x id a tio n  o f 
lead b u llio n  in  o rder to  concentrate the nob le  m etals poss ib ly  con ta ined  w ith in . Such 
reactions w o u ld  convey a substantia l challenge to  the s ta b ility  o f  the dishes, ow ing  to  the 
aggressiveness o f h o t lead oxide to  the siliceous ceram ic. T he  use o f  sco rifie rs  w ou ld
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have allow ed saving the m ore sophisticated bone ash-based cupels, b u t i t  required 
sw iftness and dexte rity  in  in te rru p tin g  the reaction  before  the chem ical a ttack in to  the 
fab ric  became catastrophic. In  fact, several scorifie rs in  the assemblage seem to  have 
fa iled  due to  the massive penetra tion  o f lead oxide.
The analyses o f  the cupels fro m  O berstocksta ll tender several in te resting  
fin d in g s . In  con trast to  the rest o f the ceram ic equipm ent, these vessels were p robab ly 
made a t the labora to ry. Furtherm ore , th e ir m anufacture enta iled tw o  steps n o t recorded 
in  contem porary w ritte n  sources: on the one hand, the m ix in g  o f the bone ash w ith  a 
sizeable pa rt o f  clay a n d /o r another lim e -rich  m ateria l, w h ich  de trim en ta lly  a ffected the 
absorp tion  capab ility  o f  the cupels; on the o the r hand, the recycling  o f the cleaner parts 
o f  used cupels fo r the p ro d u c tio n  o f  new ones.
F rom  a w ide r perspective, and based on the chem istry and m inera logy o f  the 
pastes, i t  can be hypothesised tha t the chym ists w o rk in g  in  O berstocksta ll obta ined 
equipm ent fro m  a varie ty o f  producers. Stam ped black pots were acquired fro m  
O bernze ll po tte rs; o the r b lack wares, o rd ina ry glazed po tte ry , crucib les and scorifie rs 
seem to  com e fro m  a d iffe re n t source, possib ly w ith in  A ustria  (see be low , section 7.5); 
fin a lly , d is tilla tio n  equipm ent, w ith  the exception o f the unusual ‘sandbath in s tru m e n t’, 
fo rm s a d is tin c t g roup and may orig ina te  fro m  yet a d iffe re n t source.
O n ly  fo rth co m in g  w o rk  focussing on residues o f use, and perhaps expanding 
the range o f a rte fact types considered, w ill a llow  a detailed characterisation o f  the 
reactions conducted in  the O berstocksta ll laboratory. A t present, how ever, and 
no tw ithstan d ing  the fact tha t m any operations w ou ld  certa in ly fa ll outside th is scheme, a 
generic m odel can be suggested fo r the sequence o f  operations in v o lv in g  h igh  
tem peratures: at the outset, m inera l samples were processed in  reducing cond ition s  
w ith in  the b lack triangu la r crucibles, possib ly w ith  the add itio n  o f  lead; subsequendy, the 
lead-dom inated b u llio n  was oxid ised in  a sco rifie r, in  o rde r to  reduce its  size and 
concentrate the noble m etals; fin a lly , the sm aller b u tto n  was re fin e d  in  a w h ite  cupel.
In  1477, w hen addressing the p ro d u c tio n  o f  the p h ilo so p h e r’s stone, Thom as 
N o rto n  discussed at length  the im portance o f co lou r. O ne o f h is observations m ay be o f 
relevance here, as s im ila r ideas m ig h t have been at stake in  O bers tocks ta ll w hen 
conducting  reactions th a t started in  necessarily b lack crucib les and ended in  necessarily 
w h ite  cupels:
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“ B u t W h ite  and B lack, as a ll m en m aie see,
Be C o lours con tra ry in  m ost extrem itie :
W here fo re  you r w arke w ith  B lack m ust beginn,
I f  the ende shulde be w ith  W hitenes to  w in n .”  (N o rto n  [1477] 1652: 56)
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7. The black crucibles from Bavaria
“Diamonds shine more brightly foiled by black ve lvet”
Sai Baba (1 838 -1918J
7.1. Introduction
The investiga tion  o f the w ide r con text o f  p ro d u c tio n  and use o f  the triangu la r 
crucibles found  in  O berstocksta ll led th is research to  the large graphite  deposits centred 
in  Bavaria and scattered th rough Bohem ia and U pper A ustria . W ith  a few  no tew o rthy  
exceptions (see below ), rem arkably little  a tten tion  has been paid to  the p ro d u c tio n  o f 
g raph itic  crucibles in  th is reg ion, w h ich  to o k  place in  a large scale at least since the late 
M idd le  Ages (fig . 109). As w ill be discussed in  chapter 8, th is lack o f  research m ay have 
led to  overplay the h is to rica l im portance o f the be tte r-know n  Hessian crucib les, 
produced in  C entra l Germ any.
T h is  chapter w ill start by review ing the scarce available in fo rm a tio n  regarding 
the p ro d u c tio n  o f  b lack wares in  general, and crucibles in  pa rticu la r, p lac ing  special 
emphasis on the village o f O bernze ll, w h ich  seems to  have been the key nucleus o f th is 
industry. A fte r tha t, the in fo rm a tio n  w ill be com pleted w ith  the com parative 
characterisation o f crucibles and o the r ceram ics produced in  O bernze ll and fo u n d  at 
d iffe re n t sites. The focus w ill subsequently be placed on the in te res ting  stam p exh ib ited  
by some o f these wares. T h is chapter shall also address the provenance o f the  crucib les 
fou n d  in  O berstocksta ll, in  the lig h t o f h is to rica l, archaeological and archaeom etric data, 
befo re  g iv in g  a fin a l sum m ary w ith  perspectives fo r fu tu re  w o rk .
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Figure 109. M ap of the Holy Roman Empire in the 16th century, with indication of the main 
places discussed in the text (after Roberts 1991: 149, modified).
7.2. Crucible production in Bavaria: historical information25
The p ro d u c tio n  o f g raph itic  and o the r b lack wares in  Bavaria dates back to  
P reh istory, as attested by the fam ous g raph itic  vessels recovered in  the C e ltic  opp idu m  
o f M anch ing (cf. K appe l 1969; T ylecote 1982). A lth o u g h  i t  seems clear th a t g ra p h itic  
ceram ics were valued in  some way — clays o r fin ished  p o tte ry  w ere ob ta ined  as fa r as 200 
km  fro m  M anch ing —, the m otiva tions behind th is choice p robab ly  rested outside o u r 
m odem  technica l apprecia tion o f the m ateria l p roperties o f  g raph ite , as suggested by the
25 I  am enormously grateful to Ingo lf Bauer (Director o f the Bayerisches Nationalmuseum) and Rudolf 
Hammel (ex-mayor o f  Obernzell), who very keenly shared with me their precious research on the history 
o f crucible production in Obernzell and the surrounding region. They gave me the lead to most o f the 
bibliography cited in this section, including several unpublished documents which they transcribed, and 
patiently answered my numerous questions. Although it is hoped that this thesis will contribute to redress 
the traditional disregard o f the importance o f this industry, I  must credit these researchers as the true 
forerunners, and somewhat apologise for using their raw data for interpretations that differ from theirs. 
A n array o f documents relevant to this history is to be found in the Bayerisches Hauptstaatsarchiv Miinchen, 
the Marktarchiv Obernzell, and the Staatsarchiv fa r Niederbayem in Landshut.
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apparently asystem atic use o f g raph itic  and non -g rap h itic  clays fo r m e ta llu rg ica l 
crucib les as m uch as fo r cook ing  pots o r containers.
F rom  the M idd le  Ages, w ritte n  docum ents bear o u t the keen in te rest o f  po tte rs  
in  the e xp lo ita tio n  and use o f g raph itic  clays in  the reg ion, as is also docum ented 
archaeologically (SchultheiB 1956; FI o il 1976; Bauer 1976; P ittio n i 1976; P ittio n i 1977; 
S teininger 1980; Endres 1982; Bauer 1983; K a inz and Ratsuny 2000; H am m el 2002). A t 
th is p o in t, a sm all v illage  plays a centra l ro le . O bernze ll, be long ing  to  the archdiocese o f  
Passau, is located in  U ppe r Bavaria (SE G erm any), on  the rig h t bank o f the D anube 
R ive r and near the bo rde r w ith  present-day A ustria . I t  lies in  the heart o f  the largest 
deposits o f g raph ite  in  E urope, and th is  m inera l w ea lth  is s till e xp lo ited  today.
A rchaeo log ica l rem ains docum ent a w ide va rie ty  o f  b lack wares m anufactured in  
O bernze ll, m ostly  ob long  pots o f  d iffe re n t sizes, w ith  o r w ith o u t handles, and shallow er 
pans. A d d itio n a lly , some glazed, oxid ised fire d , earthenwares were produced. The m ost 
com m on types were traded along the D anube and were w ide ly sold in  A ustria  a lthough, 
in te resting ly, they found  com petito rs p roduc ing  s im ila r b lack po tte ry . In  1509, trade 
regulations in  nearby Regensburg banned the com m erce o f any p o tte ry  produced 
outside th is  d is tric t, w ith  the on ly exception o f  the b lack ceram ics fro m  O bernze ll 
(Bauer 1983: 29). T h is indicates th a t the O bernze ll wares were established and 
recognised as special articles, perhaps n o t easy to  produce o r ob ta in  anywhere else. O n ly  
a few  years la te r, in  1516, archbishop W igulaus o f Passau establishes a bylaw , perhaps 
norm alis ing  an earlier custom , w hereby on ly  po tte rs be long ing to  the O bernze ll gu ild  
were allow ed to  e xp lo it and sell ‘Eisentacherf o r ‘g ra p h itic ’ clay (see be low ). T h is  
ord inance w o u ld  be con firm ed  by Leopo ld  I  in  1613 (Bayerisches H auptstaa tsarch iv 
M iin ch e n  Passauer U rkunden 1869, as cited in  Bauer 1983: 29).
I t  is n o t clear w hen the large-scale p ro d u c tio n  o f crucib les started. In  1549, 
w ritte n  docum ents prove tha t O bem zelle r crucibles w ere used in  the L in z  M in t 
(A ustria ) (M arkta rch iv  O bernze ll, transcr. R. H am m el 2002). By the early 17th cen tu ry — 
a lthough th is m ay have started earlier —, we see them  de livered  to  the  R oyal M in ts  in  
V ienna, M un ich  and Prague (Bauer 1983: 30). A t th is tim e , the cruc ib le  in d u s try  appears 
as a so lid  and prosperous trade, w ith  increasing num bers o f apprentices in  the  m any 
w orkshops scattered across the region.
E ven though O bernze ll po tte rs had the p re roga tive  o f  e x p lo itin g  the loca l 
g raph itic  clays, sm aller occurrences m ay have been e xp lo ited  elsewhere, and there is 
evidence o f  clays being b o th  exported fro m , and im p o rte d  in to , O be rnze ll (K a inz and
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Ratsuny 2000; H am m el 2002). T h is creates a very con fus ing  panoram a fo r 
archaeologists try in g  to  provenance the crucibles and o th e r wares, in  the lack o f ceram ic 
waste fro m  p ro d u c tio n  centres tha t cou ld  serve as unequ ivoca l reference m ateria l. 
W hatever the case, it  is paten t tha t crucibles were produced p rim a rily  in  O bernze ll, b u t 
also in  o the r villages scattered w ith in  Bohem ia, Bavaria and U pper A ustria . F o r 
exam ple, a 1548 docum ent m entions crucib le  m akers w o rk in g  in  H ero ldsberg , 
N urem berg  (SchultheiB  1956: 27-28). B lack crucibles were also produced in  Ips, another 
tow n  by the D anube, closer to  V ienna. These have becom e h is to rica lly  m ore fam ous 
than those fro m  O bernze ll, despite the qu ite  rem arkable fact tha t, at least in  the 18th 
century, Ipsian crucib le  m akers had to  im p o rt clay fro m  Passau and Bavaria (G aspari 
1797: 591). In  add itio n , “ V ienna crucib les”  are know n  to  several 16th-cen tury w rite rs  
(Sisco and Sm ith 1949: 110; Sm ith and G nud i 1990: 72), a lthough these may have been 
sim ply traded fro m  there. O vera ll, a range o f crucib le  makers seem to  have w orked  in  
the reg ion and, as fa r as it  is know n, a ll o f th e ir products share one a ttribu te : th e ir b lack 
co lo u r (Beckm ann 1780, as c ited  in  Stephan 1995: 31; Beckm ann 1787, as c ited  in  Bauer 
1976: 14-15)26.
M any o f these crucibles bear m akers’ stamps on the base, a lthough it  is n o t 
always easy to  a ttrib u te  these to  a certa in  producer. G iven  the special im portance  o f 
O bernze ll as a producer o f crucibles and o the r b lack wares, i t  seems un like ly  th a t th is 
v illage im po rted  s im ila r po tte ry  types m anufactured elsewhere. A cco rd in g ly , some 
stamps frequendy id e n tifie d  in  po tte ry  fou n d  in  O bernze ll are assumed to  have 
orig ina ted  there (see sections 6.1 and 6.5). O th e r stamps, such as the ‘T ’ seen in  the 
crucib les fro m  O berstocksta ll, have n o t been recorded in  O bernze ll, and the re fo re  th e ir 
ascrip tion  rem ains m ore d iffic u lt (see section 7.5).
O th e r uncerta in  questions are the reason w hy g ra p h itic  p o tte ry  became so h igh ly  
appreciated, o r w hen potte rs started to  a rtific ia lly  add crushed g raph ite  to  the clay m ix , 
ra the r than resorting  to  natura lly g raph itic  clays. T ra d itio n a lly , i t  has been assumed th a t 
g ra p h itic  clays were chosen fo r reasons akin to  the present-day ones, such as th e ir 
therm al re fractoriness, conduc tiv ity , o r im pe rm eab ility  (e.g. K appe l 1969; D um a and 
Ravasz 1976; Bauer 1983). Nevertheless, there is no clear evidence to  suppo rt th is  cla im  
as fa r as early m odem  tim es are concerned. A s advanced in  section 6.2.2, early 
docum ents repeatedly dem onstrate the use o f ‘EJsentacher?’ (‘iro n  clay’), w h ich  in  a ll
26 W ithin the constraints o f this project, it is not possible to investigate in detail all the producers o f black 
crucibles and their interactions. This simply constitutes an attempt to set the grounds for future enquiry.
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like lih o o d  represents the dark, shiny, iro n -lik e , na tu ra lly  g ra p h itic  clays (SchultheiB  1956; 
Bauer 1976; P ittio n i 1977; Bauer 1983). A  slighdy clearer reference is m ade by L ibavius, 
w hen he m entions crucibles made o f “aschehaltigem Ipsener Top” o r ‘ash-rich clay fro m  Ip s ’ 
(Rex 1964: 12)27. In  stark contrast, no reference is made to  the m uch m ore abundant 
g raphite  deposits. O n ly  fro m  the late 18th century do we fin d  e xp lic it a llusions to  the 
m ix tu re  o f clay and graphite  du ring  the paste p reparation fo r crucib le  m anufacture. In  
these sources, the te rm  used fo r the tem per is “  Wasserblef (‘liq u id  lead’, o r ‘lead w ater’) 
(Beckm ann 1780, as c ited  in  Stephan 1995: 31; Beckm ann 1787, as cited  in  Bauer 1976: 
15). A ga in , the expression h igh ligh ts the greasy and m eta llic  appearance o f  the m inera l, 
w h ile  it  also suggests tha t, at least in  its  o rig ins, some con fus ion  may have existed as to  
its  id e n tifica tio n  o r categorisation. I t  is w o rth  rem em bering tha t, du ring  the Renaissance, 
the preva lent v iew  o f nature was tha t the p rim e m atte r cou ld  be m o d ifie d  by a lte ring  its  
dryness and heat, e ither na tura lly o r a rtific ia lly , and th is led to  am biguous classifications 
o f the natura l w o rld  in c lu d in g  earths, juices, gems, stones, rocks, m etals, com pounds 
and even the so-called ‘sem im inerals’, w h ich  com prised qu icks ilve r, su lphur, m arcasite, 
alum  o r calam ine. T h is was a m atte r o f debate s till in  the 16th century, acknow ledged by 
B iringucc io  w hen he w ro te  tha t “ I do n o t in tend  to  [ . . . ]  enter now  th is  maze o f 
speculation [and,] leaving aside op in ions and disputes, I  shall take on ly  those o f  the said 
sem im inerals tha t I  know  are usefu l”  (Sm ith and G nud i 1990: 77).
As noted  before, m ost Renaissance and earlier treatise w rite rs  describe in  deta il 
the m anufacture o f crucibles, being aware that, as observed by A g rico la , “ n o t on ly  
po tte rs, b u t also the assayers them selves, make scorifie rs and triangu la r crucib les”  
(H oove r and H oove r 1950: 230). T h e ir annotations inc lude  references to  w ha t they 
consider the m ost suitable clay banks, the tem per, and even the fir in g  (see discussion in  
chapter 10), b u t no  e xp lic it m en tion  o f graphite  o r g raph itic  clays is to  be fo u n d  in  any 
o f  these sources. O vera ll, fo r the early m odem  period , i t  seems th a t some po tte rs  were 
pa rticu la rly  in terested in  the use o f  ‘iro n  clay’ fo r the p ro d u c tio n  o f crucib les and o the r 
b lack wares, b u t th e ir products were on ly perceived and know n  by the custom ers as 
‘b lack p o tte ry .’ A t some p o in t, the lin k  between th is  ‘iro n  clay’ and the ‘liq u id  lead’ m ust 
have been realised. In  the con text o f increasing co m p e titio n , som e po tte rs  m ig h t have 
discovered th is lin k  b u t kep t i t  secret, so th a t the fu ll re co g n itio n  o f  the tria d
27 Interestingly, Libavius cites Agricola’s De natura fossilium as his source for this reference, but the 
adjective originally used by Agricola (Fraustadt and Prescher 1958: 52) was simply “aschgraiT, i.e. “ash- 
grey”.
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‘g ra p h ite /b la ck  w ares/good perform ance’ may n o t have been w idespread fo r some 
tim e. B efore th is , perhaps some potters and consum ers were happy enough w ith  black, 
lustrous pots, regardless o f the exact nature o f th is  ‘blackness’.
7.3. The production and trade of black crucibles: archaeological and 
archaeometric information
H aving  b rie fly  ou tlined  the h is to ry  o f crucib le  p ro d u c tio n  in  O bernze ll and the 
surround ing reg ion, the available in fo rm a tio n  m ay be com pleted w ith  the archaeom etric 
characterisation o f the fo rm a l and m ateria l p roperties o f  some o f  these p roductions. 
F irs tly , some samples o f  b lack wares recovered in  O bernze ll w ill be addressed 
com paratively. Secondly, analytical results w ill be presented fro m  a g raph itic  crucib le  
recovered am ongst the labora tory equipm ent fro m  O x fo rd . The subsequent discussion 
w ill also address some o the r b lack crucibles found  in  B rita in  and as fa r as A m erica. I t  
may be emphasised fro m  the beginn ing tha t the provenance o f a ll o f these vessels, 
except fo r those recovered in  O bernze ll itse lf, had n o t been id e n tifie d  u n til the present 
w o rk , w h ich  contends the ascrip tion  o f m ost o f them  to  the same Bavarian village. T h is  
stresses bo th  the span o f the trade o f black crucibles in  the post-m edieva l w o rld , and the 
need o f fundam ental research in  th is fie ld .
7.3.1. Black wares from Obernzell
E ven though the fo u r 
ceram ic samples fro m  O bernze ll 
show  a b lack, sm oked surface, tha t 
o f the crucib le  is pa rticu la rly  
lustrous, as a resu lt o f a very 
sm ooth surface fin ish  and a h igh 
graphite  content. T h is  vessel was 
recovered du ring  b u ild in g  w orks in  
O bernze ll, and ten ta tive ly dated to  
the 16th o r 17th century (R. Ham m el, 
pers. com m . 2003). The sample is 
the b o tto m  h a lf o f  a beaker-shaped crucib le , about 70 m m  diam eter at the base, w h ich  
bears no stam p. The w a ll is 12 m m  th ick . A n  orangish sedim ent covers p a rt o f the
Figure 110. Crucible sample from Obernzell (O BZL  
01).
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surfaces, in c lu d in g  the fractured edges, thus deno ting  some post-depositiona l a lte ra tion  
(fig . 110). The ceram ic m a trix  is lig h t grey, b u t the general appearance o f  the paste is 
darker, due to  the abundance o f graphite  inclusions. A pp rox im a te ly  50 vo l%  o f the 
fab ric  is com posed o f graphite  flakes, some o f  them  ra ther b ig  (up to  1 m m  long), 
o rien ted para lle l to  the surfaces. In  
add ition , there is 10-15 vo l%  o f o the r 
m inera l inclusions, subangular and up 
to  1 m m  large (figs. 111-112). These are 
m ostly quartz grains, b u t also potassium  
feldspar, iro n  oxides, apatite, 
am phibole , m ica and ru tile  particles 
were iden tified . The ceram ic shows an 
in term ediate degree o f v itrific a tio n , 
m ore advanced towards the surfaces.
Part o f  the graphite inclusions on the 
ou te r surface have burned away, 
a lthough i t  is n o t possib ly to  determ ine w hether th is is due to  ox id a tio n  d u rin g  o rig ina l 
fir in g  o r use. G enerally, the crucib le  ‘feels’ d iffe re n t fro m  those fro m  O berstocksta ll in  
tha t i t  is th icke r, heavier, and clearly riche r in  graphite, apart fro m  n o t be ing triangu lar. 
The chem ical com position  shows a re la tive ly  h igh  alum ina con ten t, toge ther w ith  a h igh 
iro n  oxide concentra tion  (Table 15, p. 197).
1mm 1 1 600pm
Figure 112. BSE photomicrographs of the ceramic fabric of the crucible from Obernzell. Note 
the remarkably high concentration of graphite inclusions (dark elongate phases), in addition to 
the silicate grains (OBZL 01/sl; left at 50x; right at lOOx). Compare to figs. 41  (p. 114) and 47
(p. 116).
Figure 111. Detail of the fabric of the crucible 
from Obernzell, showing abundant graphite 
speckles and silicate inclusions (O B ZL 01/sl, 
XPL, 50x, long axis represents ~2 mm).
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Figure 113. Lid fragment from Obernzell (O B ZL 03).
The o the r ceram ic 
m aterials fro m  O bernze ll include a 
ve rtica l handle, a lid , and a rim  
fragm ent. The lid  (O B Z L  03) is 6 
m m  th ick . I t  has a dom ed shape, 
a lthough the o rig ina l diam eter 
cannot be reconstructed, and 
bears a sm all knob on  the top  (fig .
113). The paste is grey to  b u ff in
co lou r. I t  contains re la tive ly  abundant coarse inclusions, some larger than 1 m m . A p a rt 
fro m  the m ore recurren t quartz, also feldspar, apatite, iro n  oxide, ilm en ite  and some 
m ica are present, together w ith  fragm ents o f am phibole, the la tte r occu rring  m ore 
frequendy than in  any o f the O berstocksta ll artefacts. U nder h igh  m agn ifica tion , the 
fab ric  is characterised by a very lo w  v itr ific a tio n  and the p ro fu s io n  o f very sm all (<100 
pm ) quartz inclusions (fig . 114). The elem ental com position  o f the m a trix  is s im ila r to  
tha t o f  the crucib le , a lbe it w ith  an even higher iro n  oxide concentra tion  (T able 15, p. 
197).
300pm
Figure 114. Two views of the ceramic fabric of the lid from Obernzell. Left, note the smoked 
surface (bottom) and the large size of some of the silicate inclusions. Right, under higher 
magnification, note limited vitrification and the abundance of very small quartz inclusions 
(O B ZL 03/sl; left, XPL at 50x, long axis represents ~2 mm; right, BSE at 200x).
O B Z L  04 is the fragm ent o f the rounded rim  o f a re la tive ly  large, g lobu la r p o t 
(fig . 115). The surface is dark grey and very sm ooth, w h ile  the core o f  the paste is b u ff. 
The thickness o f the body is 6 m m . There is an elongate stam p on  the rim , b u t the m o tif 
is n o t very deeply im p rin te d  and cannot be id e n tifie d . T he  fa b ric  contains 40 vo l%  o f 
ra ther coarse m inera l inclusions, in c lu d in g  quartz, fe ldspar, am phibo le , m ica, iro n  oxide 
and ilm en ite , together w ith  some argillaceous ro ck  fragm ents (fig . 116). I t  shows an
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advanced stage o f v itrific a tio n ,
w h ich  may be explained by its U
re la tive ly  lo w  refractoriness in  an f l
oxid is ing  fire , as a resu lt o f its  h igh Ik l
iro n  oxide con ten t, o f above 10
w t%  (Table 15, p. 197).
Figure 115. Rim fragment from Obernzell (O BZL  
04).
Figure 116. Two views of the same area of the ceramic fabric of the rim fragment from 
Obernzell. Note the very thin smoking (left image, bottom), and the rather coarse inclusions, 
including an argillaceous rock fragment (both pictures, bottom right) (O B ZL 04/sl; left, XPL at 
50x; right, BSE at 50x).
F ina lly , O B Z L  02 is a ve rtica l handle stam ped w ith  a cross — one o f the typ ica l 
sym bols fro m  O bernze ll po tte ry , even though d iffe re n t fro m  those recorded in  the 
O berstocksta ll assemblage (fig . 117). M ine ra l inclusions w ith in  the paste, w h ich  is lig h t 
grey in  co lou r, are very abundant (~50 vo l% ). They are, how ever, sm aller than in  the 
o the r dom estic ceramics fro m  O bernze ll, as they rarely exceed 0.5 m m  in  diam eter. The 
m ost no tew orthy feature o f th is fab ric  is the abundance o f  dark grains o f am phibo le  and 
b io tite , w h ich  make it  clearly d iffe re n t fro m  the rest o f the samples. In  add itio n , quartz, 
fe ldspar, iro n  oxide and plagioclase were id e n tifie d  (fig . 118). The com p o s itio n  o f the 
ceram ic m a trix  is also d iffe re n t, especially in  its  phosphate and lim e  con ten t, b u t these 
results are clearly d is to rted  by abundant co rros ion  products tha t can be seen f i l l in g  
cracks and pores (Table 15).
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Figure 117. Handle fragment from Obernzell 
(O BZL 02).
600pm
Figure 118. Two views of the ceramic fabric of the handle from Obernzell. Note the surface 
smoking (left picture, bottom), and the abundance of small inclusions, particularly mica and 
amphibole (dark in left image, light grey in right image). The deposition of corrosion products 
within porosities is also noticeable (O BZL 02/sl; left, XPL at 50x, long axis represents ~2 mm; 
right, BSE at lOOx).
Na20 MgO Al20 3 Si02 P2O5 so2 Cl K20 CaO TiO FeO
OBZL 01 (crucible) 1.1 1.0 27.7 58.3 0.4 - - 2.5 0.9 1.2 6.9
OBZL 03 (lid) 0.7 1.2 26.0 58.4 1.0 - - 2.1 1.1 1.3 8.2
OBZL 04 (rim) 0.3 0.7 28.2 55.1 0.6 - - 1.6 1.4 1.6 10.5
OBZL 02 (handle) 0.4 0.7 26.6 55.3 4.9 0.8 - 1.3 3.0 1.2 5.9
OX 1422 (crucible) 0.3 0.8 28.9 55.5 0.2 - - 2.6 0.9 1.4 9.3
Obernzell clay 2.5 1.7 15.2 69.0 0.2 - 0.2 1.6 3.0 0.6 5.9
Table 15. Average chemical composition by SEM-EDS, normalised to 100wt%, of the ceramic 
matrices of the four analysed ceramics from Obernzell (O B ZL), the graphitic crucible from the 
Old Ashmolean laboratory in Oxford (O X) and the clay sample from Obernzell.
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Some general inferences may be draw n fro m  the com parative characterisation o f 
the ceram ic sample fro m  O bem zell. The m ost obvious one is the fa c t tha t, as in  the case 
o f O berstocksta ll, on ly  the crucib le  contains a s ign ifican t am ount o f g raph ite  inclusions. 
A ga in , th is cou ld  be taken as an in d ica tio n  th a t the m ost suitable fabrics were reserved 
fo r h igh-tem pera ture techn ica l ceram ics. T h is  s itua tion  com pels a reassessment o f  the 
existing  b lack wares unquestionably produced in  O bem ze ll and dated to  the late 
m edieval and early m odem  periods. In  a v is it to  the Keramikmuseum in  O bem ze ll, 
o rd ina ry  ceram ics con ta in ing  graphite seem the ru le . H ow ever, the analytica l approach 
suggests otherw ise fo r the  samples fro m  b o th  O bem ze ll and O berstocksta ll. G iven  the 
s im ila r external appearance o f  g raph itic  and n on -g rap h itic  b lack wares, and considering  
th a t g raph itic  pots m ay have been specifica lly chosen fo r e x h ib itio n  in  the m useum , the 
presence o f g ra p h itic  po tte ry  in  m edieval and Renaissance m ateria l cu ltu re  m ay have 
been overem phasised in  h is to rica l and m useum  reconstructions. A  g loba l rev is ion  o f 
th is scenario w ou ld  c la rify  ou r understanding o f  the selection o f  clays.
O n ly  one sample o f clay fro m  O bem ze ll cou ld  be obta ined fo r analysis, and it  
tu rned  o u t to  be a low -a lum ina clay, s ign ificandy less re fra c to ry  (Table 15). W h ile  th is 
illustra tes tha t n o t a ll clays in  the area were o f  the same qua lity , the use o f  a lum ina-rich  
clays fo r a ll the ceram ics analysed suggests tha t the m ost re fra c to ry  clays were n o t 
specifica lly reserved fo r artefacts to  be used under h igh  tem peratures.
I t  is w o rth  n o tin g  the specifics o f  the O bem ze ll ceram ics w hen com pared to  
those found  in  O berstocksta ll. In  term s o f m inera l inc lus ions, the fabrics fro m  
O bem ze ll are generally d is tin c t in  the h igher abundance o f  b io tite  and am phibo le  
inclusions, together w ith  the v irtu a l absence o f  z ircon . C om pos itiona lly , the m ost 
no to rious features are the slighdy low er alum ina and h igher iro n  oxide concentra tions. 
These characters are re levant fo r the discussion o f  the provenance o f the crucib les fro m  
O berstocksta ll, and w ill recaptured in  section 7.5.
F ina lly , a special com m ent should be made on  the h igh iro n  oxide leve l w ith in  
the clay m a trix  o f the crucib le , inso fa r as i t  w o u ld  a ffe c t its  perform ance. A s discussed 
before (section 6.2.4), even though the in fluence  o f th is  com pound  on the heat 
resistance o f  a vessel w ou ld  depend on the redox cond itio n s , th is  iro n  oxide  con ten t 
m ig h t have com prom ised the refractoriness o f  the clay m a trix  w hen used in  an ox id is ing  
o r m oderate ly reducing furnace. N evertheless, there is so m uch g raph ite  in  the paste 
tha t, even in  the event o f the clay m a trix  so ften ing , the fa b ric  w o u ld  p robab ly  have
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retained su ffic ie n t consistency. As to  fu rth e r m ateria l p roperties o f g raph ite  and o the r 
m inera l inclusions, these have already been discussed (sections 6.2.2 and 6.2.4).
7.3.2. Black crucible from the Old Ashmolean
The heading o f th is  section may 
appear paradoxal a fte r a lo o k  at the 
g raph itic  crucib le  found  in  the O ld  
Ashm olean labora to ry, g iven tha t i t  shows 
a b rig h t b row n  co lou r (fig . 119).
N onetheless, the cu rren t appearance o f 
th is vessel is clearly the result o f its  use in  a 
very ox id is ing  atm osphere, w h ich  caused 
the bu rn ing  away o f some surface graphite 
inclusions and the ox ida tion  o f the 
re la tive ly  abundant iro n  con ten t o f the clay 
m a trix  (Table 15, p. 197).
T h is crucib le  is unique w ith in  the 
assemblage, b o th  in  the stamp and the 
fab ric  characteristics. I t  is a w hee l-th row n , beaker-shaped vessel, 100 m m  h igh , w ith  a 
w ide m outh  o f 80 m m  diam eter. The body is 7 m m  th ic k  and the surface sm ooth. The 
th icke r, fla t, round  base (43 m m  in  diam eter) has a num ber 3 incised, toge ther w ith  a 
m ore com plex stam p, about 20 m m  long, consisting o f  a com b ina tion  o f a num ber fo u r, 
a cross and tw o  in itia ls  -  L H  o r L K  -  inside an elongate cartouche. A lth o u g h  sim ila r 
stamps have been recorded in  o the r p roduction  centres, n o t on ly  o f po tte ry , th is  sym bol 
in  pa rticu la r is exactly like  others docum ented in  O bem ze ll, even in  the p o tte r’s o r 
m erchant’s in itia ls  (fig . 120; see discussion in  section 7.4).
Laboratory in Oxford
Figure 119. Graphitic crucible from the Old 
Ashmolean laboratory (O X  1422).
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The fab ric  o f th is  crucib le  is characterised by 
an extraord inary abundance o f graphite inclusions, 
above 70 vo l% , m any o f w h ich  are very large (up to  1 
m m  long). M in o r inclusions are potassium  feldspar, 
quartz, m ica, am phibole , ru tile , z ircon  and iro n  oxide 
m inerals. The clay m a trix  shows an advanced stage o f 
extensive v itr ific a tio n , w ith  a h igh  degree o f 
in te rco n n e c tiv ity  and developm ent o f fin e  to  m edium  
voids. H ow ever, g iven tha t m uch o f the fab ric  is 
com posed o f graphite , the vessel appears robust and 
m ust have been very stable in  the fire  (fig . 121). In  
spite o f the b ro w n  surface co lou r, the ox ida tion  is 
constrained to  a very th in  layer, and m ost o f the 
graphite inclusions have rem ained unaltered (fig . 122).
The chem ical com position  o f the clay m a trix  is 
very s im ila r to  tha t o f the O bem ze ll crucib le  discussed 
above (Table 15, p. 197), and so are the m ineral 
inclusions. These factors, in  add ition  to  the stam p, 
co n firm  the provenance o f  th is crucib le  beyond 
question, and solve the o rig ina l doubts regarding its  
ascrip tion  (H u ll 2003; B ennett et al. 2000: 46).
Figure 120. Detail of the bottom 
of the crucible O X  1422, showing 
the typical Obernzell stamp and 
a number 3. Compare to figs. 
124 and 125 (trace from Bennett 
et aL 2000, fig . 34).
100|jm
Figure 121. BSE photomicrographs of the fabric of the graphitic crucible from Oxford, showing 
the outstanding abundance of relatively large graphite inclusions, as well as some silicates. The 
high vitrification of the clay matrix is noticeable in the image on the right (O X  1422/sl; left at 
50x; right at 400x).
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Figure 122. Cross-section showing the inner 
surface of the crucible, with an oxidised 
colour but limited burning of graphite 
inclusions (O X  1422/sl, sXPL, lOOx, long axis 
represents ~1 mm).
7.3.3. Other examples of black crucibles
O x fo rd  is n o t the on ly E ng lish  
loca tion  where dark g raph itic  crucibles 
were im po rted  in  the post-m edieval 
period. In  his catalogue o f crucibles 
recorded in  B rita in , John C o tte r illus tra ted  
several stamps “ in  the hope tha t they may 
eventually be id e n tifie d ”  (C o tte r 1992: 
259). A fte r the present study, some o f the 
stamps found  in  these g raph itic  crucibles 
may be traced to  Bavaria.
F irs tly , tw o  crucibles found  in  
London , and nowadays kep t in  the 
M useum  o f London , m ay be addressed. 
B o th  o f them  seem beaker-shaped, 
a lthough th is cannot be con firm ed as the 
to p  parts are m issing. O ne o f them  (M o L  
24859) was found  near St. Paul’s stairs. 
O n ly  the b o tto m  h a lf o f the vessel is 
preserved, w h ich  is very s im ila r in  
appearance to  the O bem ze ll crucib le  
discussed above (O B Z L  01, section 7.3.1), 
a lthough bigger in  size. I t  shows a very 
sm ooth b lack surface and a dark grey, 
g raph ite -rich , fabric. The base diam eter is
Figure 123. Two stamped graphitic crucibles 
found in London (top, M oL 24859; bottom, 
M oL A730). Scalebar is 5 cm.
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~80 m m , and the w a ll is 10 m m  th ick . The o the r one (M o L  A 730) was fou n d  near the 
Tham es and has preserved about tw o  th irds  o f its  he igh t (~145 m m ), a lthough it  
appears fa irly  weathered. Its  base diam eter is akin  to  the previous one, b u t the w a ll is
d iffe re n t in itia ls  (respectively, A H  o r A K , and K M ) (fig . 124). They m ay thus be 
a ttrib u te d  to  the same reg ion  a lthough, perhaps, to  a d iffe re n t m aker a n d /o r date. 
U n fo rtuna te ly , none o f the crucibles found  in  L ondo n  cou ld  be dated.
C o tte r also reports tw o  g raph itic  crucibles recovered in  C anterbury (K e n t), b o th  
o f them  w hee l-th row n  and triangular. The firs t one has a he igh t o f  110 m m  and a 
m ou th  w id th  o f 100 m m . I t  bears fo u r fin g e r-tip  im pressions at the base. The stam p in  
the base is akin to  those just described, in c lu d in g  an L  (o r inve rted  F) and a K  (R oyal 
M useum  o f C anterbury A cc. N o . 4247, B ren t Catalogue H I29) (fig . 124). A s in  the 
previous case, no dates are available, b u t the com b ina tion  o f a g raph itic  paste and the 
characteristic stam p suggests O bem ze ll as the like ly  p ro d u c tio n  centre.
The second crucib le , found  in  C anterbury Barracks, is larger, w ith  a he igh t o f 
200 m m  and a m ou th  w id th  o f  175 m m  (Royal M useum  o f C anterbury A cc. N o . 6795). 
C o tte r (1992: 260) observed tha t a “ b row n  oxid ised coating  covers the e x te rio r” , b u t 
th is is like ly  an ox ida tion  layer fro m  use s im ila r to  tha t no ted  in  the cruc ib le  fro m  
O x fo rd . The stam p in  th is  vessel is also bigger (50 m m  com pared to  the usual 25-30), 
and the sym bol appears delineated m ore neatly, as i f  im p rin te d  w ith  a m e ta llic , ra ther 
than a ceram ic, die. The b o tto m  pa rt o f the m ark fo rm s an anchor, and the in itia ls  are 
IK  (fig . 124). A n o th e r stam p next to  th is shows a num ber 13, possib ly a size grading. 
U ndoub ted ly, th is crucib le  was made in  the w orkshop  o f  Jose f K au fm ann  and partners, 
a crucib le  m aking co rpo ra tion  in  late 19th-century O bem ze ll (Bauer 1983: 32, and 
section 7.4).
s ligh tly  th in n e r (~ 8  m m ) (fig . 123). The fab ric  is also very ric h  in  graphite . B o th  o f  these 
crucibles are stam ped on th e ir bases w ith  m arks resem bling th a t described above fo r the 
crucib le  fro m  O x fo rd  and id e n tifie d  as typ ica l o f the O bem ze ll p roducer, a lthough w ith
Figure 124. Stamps imprinted on the bases of graphitic 
crucibles. From left to right: M oL 24859, M oL A730, 
Canterbury 4247, and Canterbury 6795 (from Cotter 1992).
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C rucib les w ith  the same stam p o f Jose f K au fm ann , a lm ost incontestab ly 
O bem zelle r, have been found  in  A ustria  (P ittio n i 1977). A n o th e r g ra p h itic  cruc ib le  has 
been recovered am ongst the labora to ry rem ains fro m  R in g e lh o f (S w itzerland), dated to  
the 13th century, a lthough its  provenance has n o t been ascertained (K am ber et al. 1998: 
169). E ven m ore, the spread o f  g raph itic  crucibles reaches across the ocean. 
A rchaeolog ica l excavations at La Isabela (D om in ican  R epublic) — A m erica ’s firs t 
European tow n , founded by C olum bus in  1493 — have uncovered 58 triangu la r 
crucibles. M ost o f them  are very sm all and, in  a ll like lih o o d , they w ere b ro u g h t to  the 
co lony fo r assaying purposes. T h e ir d is trib u tio n  th ro u g h o u t the site indicates th a t th e ir 
use was generalised, ra ther than restricted  to  specialists (Deagan and C ruxent 1995: 5; 
2002: 259-265). T h in -section  petrograph ic analyses by D a v id  K illic k  (pers. com m . 2003) 
con firm ed  th a t the fabrics o f these vessels are very rich  in  graph ite  inclusions. E ven 
though the exact provenance o f  these crucibles has n o t been id e n tifie d , th e ir presence in  
A m erica  suggests tha t the repu ta tion  o f the b lack crucib les fro m  C entra l E urope  may 
date back to  at least the late 15th century.
Furtherm ore, over one hundred triangu la r crucibles o f d iffe re n t sizes have been 
recovered fro m  the Im pe ria l M in t in  R io de Janeiro (B razil), dated to  the 18th o r early 
19th century. M ost o f them  are very rich  in  graphite and bear stamps on  th e ir bases, very 
s im ila r to  the typ ica lly  O bem ze lle r ones discussed above. These fa ll in  three categories, 
each show ing s ligh t varia tions around the in itia ls  L K , PS and IS — perhaps the e vo lu tio n  
o f the m arks du ring  a re la tive ly  long  tem pora l span. A longside  these m arks there is 
another stam p w ith  a num ber tha t increases w ith  the size o f  the  vessel. N early  iden tica l 
stamps are know n  fro m  crucib les fro m  o the r B razilian  sites. These crucib les m ust have 
been expensive and/ o r scarcely available, as they occur together w ith  o the r vessels made 
o f  recycled g raph itic  sherds, crushed and m ixed w ith  n o n -g ra p h itic  clay, and p robab ly  
m anufactured loca lly. In te resting ly, how ever, i t  seems th a t n o t a ll c ruc ib le  bases were 
used in  grog m aking: ou t o f the 136 crucibles recovered in  the m in t, 87 con s titu te  loose 
bases (L im a and da Silva 2003). Perhaps the bases w ere saved to  be used as sco rifie rs o r 
lids, o r they were s im ply m ore d iffic u lt to  cm sh -  a lthough  the p o ss ib ility  o f a 
p re fe ren tia l recovery o f bases du ring  the archaeological excavation cannot be discarded 
as an explanation.
Founded on a h is to rica l source m e n tion ing  the im p o rt o f crucib les fro m  Ips, 
L im a  and da Silva (2003: 11) suggested th a t the pu re ly  g ra p h itic  cm cib les came fro m  th is 
B ohem ian producer. The extent o f the trade o f  b lack cm cib les fro m  C entra l E urope
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was thus exem plified , b u t new questions were posed fo r the present thesis. I f  these 
crucibles had tru ly  been im ported  fro m  Ips, w hy d id  they bear stamps so s im ila r to  the 
O bem ze lle r ones? T o  w hat extent is th is stam p diagnostic o f a certa in  provenance? I f  
n o t provenance, w hat does th is  stamp te ll us?
7.4. From prints through pots to becherovka: an enigmatic stamp
L e t us sta rt by recap itu la ting  pe rtinen t in fo rm a tio n . A  range o f crucib le  stam ps, 
a ll o f  them  analogous, have been used as a basis to  ascribe the cm cibles bearing them  to  
O bem ze ll producers. In  the cases o f the cm cibles found  in  O x fo rd  and in  C anterbury 
Barracks, th is  ascrip tion  seems unquestionable, since iden tica l stamps are recorded in  
po tte ry  know n to  be fro m  O bem zell (figs. 125 and 129). F o r the o the r B ritish  exam ples 
discussed, no exact matches were id e n tifie d  du ring  the au tho r’s study v is it to  the 
Keramikmuseum in  O bem zell. Nonetheless, considering the strong  sim ila rities betw een 
these and some assured O bem zell stamps, and bearing in  m ind  estim ate figures o f 
several thousands o f stamps in  the h is to ry  o f th is  v illage (R. H am m el pers. com m . 
2003), i t  appears sensible to  relate those vessels to  the same p ro d u c tio n  centre. The 
s itua tion  becomes m ore com plicated when we com e to  discuss the cm cibles found  in  
R io  de Janeiro, where we fin d  a s trik in g ly  sim ila r stam p, b u t w ritte n  in fo rm a tio n  
suggests a slighdy d iffe re n t provenance. M oreover, even sc ie n tific  analyses may fa il to  
ascertain w hether these cm cibles were produced in  Ips o r in  O bem ze ll, g iven tha t 
Ipsian cm cib le  m akers im ported  clay fro m  O bem ze ll (G aspari 1797: 591).
Figure 125. Some stamps in artefacts from Obernzell and exhibited in the Keramikmuseum. 
The left one is virtually identical to that of the crucible found in Oxford (see fig . 120).
Y e t the quandary o f th is  peculiar sym bol m ay be confused fu rth e r i f  we add 
another p o t to  the equation. The arte fact show n in  F igure  126 is a Rartmannskrug o r 
‘Bearded M an Jug’, a very popu la r late 16^-cen tu ry  salt-glazed stoneware type,
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strong resem blance w ith  those show n above, 
a lthough w ith  d iffe re n t in itia ls : IE M  (fig . 126). 
W e there fore  have a piece o f po tte ry  produced 
in  a w e ll dem arcated con text, arguably alien 
fro m  O bem ze ll, yet sharing a s im ila r stam p 
design. H ow  can th is  be explained?
T w o  decades ago, In g o lf Bauer (1983: 
36) b rie fly  warned tha t the stam p based on a 
sym bol resem bling the num ber 4, no rm a lly  w ith  
a second h o rizo n ta l segment, was a re la tive ly  
com m on type used by m erchants in  the early 
m odem  period. H e also noted the presence o f 
the same m ark engraved on  the w a ll o f the w est
tow er o f the O bem ze ll castle, next to  an
annota tion  o f the year 1573. M ore recently,
A ndrade and da Silva (2003) were p rom p ted  to  
research the o rig ins and m eaning o f th is  sym bol, 
w h ich  they found  in  the cm cib les recovered at 
the m in t in  R io de Janeiro. They were n o t acquainted w ith  its  occurrence in  European 
p o tte ry , how ever they considered the peculiar m ark w o rth  studying on  its  ow n m erit.
As revealed by Andrade and da Silva, th is  sym bol was indeed used w ith
astonishing frequency by d iffe re n t trade co rpora tions since the 15th century, in c lu d in g
goldsm iths, engravers, sculptors, po tte rs, glassmakers, pa in ters, drawers, stonem asons 
and so fo rth . I t  appears w ith  special incidence in  p rin te rs  and booksellers, w ith  70 
occurrences in  Paris and Lyon  (France). O f special in te res t is its  u tilis a tio n  by John 
S iberch — the firs t p rin te r to  w o rk  in  C am bridge — in  his firs t book, pub lished in  1521. 
The m ark in  th is  book is v irtu a lly  iden tica l, even in  the in itia ls  (IS ), to  th a t found  in
Figure 126. Top, Bartmannskrug made 
in Jan Emens’ workshop. Bottom, 
detail of the house mark (Victoria &  
Albert Museum 764-1868, cf. Gaimster 
1997: 236, No. 87).
consisting o f a round -be llie d  p itch e r w ith  a 
bearded face on  its  neck. The exam ple illu s tra ted  
here was made in  the w orkshop o f  Jan Em ens 
M ennicken (1540-1593), a fam ous p o tte ry  
m aster w ho w orked  in  Raeren (Belgium ) 
(G aim ster 1997: 225, 236). A  close lo o k  reveals 
tha t the m ark in  the centra l m eda llion  bears a
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some o f the crucibles recovered in  B razil, dated some tw o  hundred and fifty  years later. 
W hat is the reason beh ind such a w ide span?
The sym bol in  question may be deconstructed in  sim p le r shapes: apart fro m  the 
characters, there is a L a tin  cross, a G reek cross, a double cross, a num ber 4 and, 
frequently, a w e ll delineated n iche (fig . 127). Each o f  them , and th e ir com b ina tion , 
becom e m eaningfu l in  the con text o f Renaissance and la te r re lig io n , herm etic chym istry 
and freem asonry. The double cross jo ins together the G reek cross — sym bol o f  the 
m acrocosm os —, and the L a tin  cross — the m icrocosm os —, in  w ha t seems a statem ent o f 
the chym ical theory o f  correspondence. In  Jan Em ens’ m ark, the tw o  crosses are 
superim posed in  d iffe re n t orien ta tions, b u t the connota tions cou ld  be the same. In  the 
centre o f  the cross, the quintessence em bodies the e q u ilib riu m  am ongst the fo u r 
elem ents. F o r freem asons, th is is a sym bol o f the G reat A rch ite c t. W ith  regards to  the 
num ber 4, its  in te rp re ta tio n  is m an ifo ld : on the one hand, the add itio n  o f  a segm ent may 
be a concealm ent o f the cross — a subde way o f sharing re lig ious values am ongst 
in itia te d  du ring  the struggle o f the R eform ation , as done by 16th-cen tu ry booksellers in  
Lyon ; on the o the r hand, fo u r is the to ta lis ing  num ber: fo u r are the elem ents, the 
hum ours, the card ina l po in ts , the phases o f  the m oon, the seasons... and, accord ing to  
some sources, the stages o f transm utation (cf. L im a  and da S ilva 2003).
I t + f 4 0  
Figure 127. Deconstruction of a stamp into several symbols. From left to right: the stamp 
itself, a Latin cross, a Greek cross, a double cross, a number 4, and a niche-shaped outline 
(after Lima and da Silva 2003, modified).
A m ongst 18th-century chym ical sym bology, va ria tions o f the num ber fo u r and 
the double cross are used fo r a varie ty o f elem ents, in c lu d in g  crucib les, m ercury, 
su lphur, salt, d is tilla tio n  o r go ld  (fig . 128). I t  is w o rth  n o tin g  th a t in  L a tin  and in  
E ng lish , as in  various o the r languages, the w o rd  fo r ‘c ruc ib le ’ is e tym o log ica lly  roo ted  in  
the te rm  ‘cross’ (cf. L im a  and da S ilva 2003).
F ina lly , the niche-shaped o u tline  does n o t seem inc iden ta l, fo r i t  co incides w ith  a 
sym bol recu rren t in  m asonic books and paraphernalia, representing  the tw o  colum ns 
and the va u lt o f S o lom on’s H ouse. A s noted  in  section 4.3, the  m yth  o f th is  tem ple o f
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w isdom  and pe rfection  was the in sp irin g  force 
fo r the construction  o f the Ashm olean 
M useum  in  O x fo rd  bu t, m ore im p o rta n tly , it  
also served as a founda tion  fo r freem asonry, its  
aims, secrecy, d isc ip line  and in itia tic  rites (L im a 
and da S ilva 2003: 29-41 and 48).
H is to rica lly , m asonic lodges appear to
have emerged in  the late M idd le  Ages. By the
18th century, w hen freem asonry enjoys a
golden age, m any have developed in to
herm etic and ph ilosoph ica l societies o f m en
w ho seek in d iv id u a l and co llective  perfection .
They give a fundam ental im portance to
secrecy, w h ich  conveys the need o f codes and
Figure 128. Some examples of chymical 
sym bols iden tifiab le  by the in itia te d  only. I  he symbols combining a cross and the
c . . . .  .  ^  ^ , number four, from the Medicinisch-use o f m u ltip le  icons tha t in tegrate several , , . . .  . .r  & Chymisch und Alchemistisches
sym bols is com m on, and these are frequently Oraculum , published in Ulm in 1755 . 
draw n fro m  re lig io n  and alchem y. In  sum, as contended by A ndrade and da S ilva (2003), 
it  is very plausib le tha t the enigm atic stamp is indeed a sym bolic expression o f  the m ost 
precious m asonic ideals, spread th rough the m edium  o f m ateria l cu ltu re . The n iche­
shaped ou tline , w h ich  does n o t appear in  earlier stamps, m ay have been an 18th-cen tury 
add ition . As to  the s ligh t varia tions seen in  some o f the stam ps, such as the anchor 
ending at the base and o the r m in o r am endm ents, they cou ld  denote m o d ifica tions  made 
in  successive generations o f  users o f  the same stam p, perhaps adding yet m ore m eanings 
to  the m anifestly conceptual m ark.
The h is to ry  o f freem asonry is a com plex to p ic  beyond the scope o f  th is  thesis. 
M ore research in to  i t  may c la rify  w hen th is  sym bol, p robab ly  ex isting  be fo re  in  the 
w ide r chym ical dom ain, was inco rpora ted  in to  the im agery o f  freem asonry. T h is  
enigm atic stam p, how ever, raises another in te resting  and m ore re levan t to p ic  such as the 
transm ission o f re lig ious o r sectarian ideas by fu rn ish in g  m ate ria l cu ltu re  — p o tte ry  in  
pa rticu la r — w ith  images taken fro m  p rin te d  m edia. D a v id  G aim ster has investigated
28 These images were obtained from Adam  M cLean’s Alchemy Website 
< http://www.levity.com/alchemy/alchemical_symbolsOO.html>  [accessed 14.07.2004], following a 
reference in Lima and da Silva (2003: 45).
TigiJIum , f. C rud -.'f i  A * 
buJum. “  A/
Element*, priucipia 
corporum. T /  jT
Eflentii.
Aurum , Sol. ^
Bczoardicum Jo- t  
uiale. *' T*
Borax, Borrax. 4 * •
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how  the developm ent o f w oodb lo ck  p rin tin g  and m eta l p la te  engraving in  the 
Renaissance fac ilita ted  the s w ift spread o f  p rin te d  im agery across d iffe re n t social sectors 
o f no rth e rn  E urope, leading to  a “ dem ocratisation in  the consum ption  o f im agery”  
(G aim ster 1997: 142, see also 37-40, 126-136 and 142-155; G aim ster 2003). D u rin g  the 
15th century, craftsm en incorpora ted  some o f  th is p rin te d  im agery in  d iffe re n t m edia, 
in c lu d in g  sculpture, m edals, m etal vessels, w ooden fu rn itu re , dom estic fu rn ish ings and 
po tte ry . The advance o f m ou ld  technology in  pa rticu la r a llow ed the massive and 
re la tive ly  cheap p ro d u c tio n  o f ceram ic objects d isp laying decorative m o tifs  and m ore 
evocative images.
In  the upheaval o f the R eform ation , re lig ious and p o litic a l images insp ired  by 
p rin t m edia became recurrent in  dom estic objects. Stoneware po tte rs app lied  to  th e ir 
p roductions m oulded m o tifs  representing b ib lica l episodes, sa tirica l caricatures,
m ora lis ing  scenes and p o litic a l po rtra its  and slogans (G aim ster 1997: 142-155). Thus
ceram ics became a m ore o r less e xp lic it channel fo r the com m unica tion  o f  values, 
beliefs and bonds. As noted by G aim ster (1997: 150-151), the images u tilise d  were 
p robab ly the resu lt o f each p o tte r’s in d iv id u a l preferences, b u t they m ust have fou n d  a 
m arket o f people fro m  a ll social levels w ho  w ished to  d isplay th e ir standpo ints in  the 
re lig ious and p o litic a l arena. As a m atte r o f fact, the o ve rt P ro testant allegiance o f  some 
trade guilds led them  to  m igrate to  regions w here they fou n d  m ore sym pathy. N o t on ly  
stoneware vessels, b u t also devo tiona l pipeclay figurines and glazed earthenw are stove-
tiles, conveyed b la tan t p o litic a l and
re lig ious messages, in  the fo rm  o f  images 
taken fro m  p rin ts  as w e ll as fro m
ecclesiastical altarpieces and statuary
(G aim ster 2003). A ll o f  these are
ub iqu itous dom estic artefacts w h ich  la id  
the ce lebra tion  o f  personal be lie fs at 
anyone’s hands, even those hard ly lite ra te . 
W hen recovered by present-day 
archaeologists, they becom e hard evidence 
fo r a m ore accurate re construc tion  o f the 
exten t and pace o f  R e fo rm a tion  (G aim ster 
2003; 2004).
Verelnlgte SchmelxtiegeUabriken 
n. Graph! twerke, Jos. Kanlmann, 
Gg. Saxiager jr. k Co.,
Obernzell (Hafnerzell) be! Pass&n
Bayern
Figure 129. Stamps used by a corporation of 
crucible makers of Obernzell in the late 19th 
century (from Bauer 1983: 32). The central 
one appears in the graphitic crucible found in 
Canterbury Barracks (see fig. 124, p. 202).
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P O V O D N f j B ?  
KARLOVARSKA .
karlovarskA'
ORIGINAL
BECHEROVKA
UAL02FN0180/1
.CZECH REPUBLIC
The case o f the stam p on the crucibles is peculiar. F irs tly , i t  does n o t constitu te  
m oulded decoration on a dom estic ob ject b u t a house m ark on  a technica l vessel. 
Secondly, considering its  extrem ely w ide d is trib u tio n  in  term s o f tim e, space and 
vehicles, as w e ll as its  re la tive ly subtle sem antics, the au tho r w onders the extent to  
w h ich  th is evocative sym bol was com prehended by those w ho  stam ped it, o r even those 
w ho  consum ed the goods where it  was displayed. O ne m ay assume tha t a m aster 
crucib le  m aker w ou ld  o rig ina lly  be in itia te d  in  
the m eaning o f his ow n house m ark. H ow ever, 
w ou ld  the po tte rs w o rk in g  fo r h im  be aware o f 
this? A lleged ly, th is w ou ld  on ly be the case i f  
they were in itia te d  and thus shared the beliefs 
pu rpo rted  in  the sym bol. Furtherm ore, even i f  
a 1 h^-century p o tte r knew the secret o f the 
sym bol, perhaps his 19th-century descendant 
sim ply preserved the illu s trious  stamp b u t had 
fo rg o tte n  the o rig ina l m eaning. T h is may have 
been the case in  the K aufm ann fam ily  o f 
O bem zell, like ly  the surname behind the le tte r 
K  frequently found  in  these stamps: in  the 17th 
century, G abrie l K aufm ann appears en joying 
the p riv ilege  o f supplying crucibles to  the 
Im peria l M in t (Bauer 1983: 31). T w o  centuries 
la ter, we fin d  a like ly  descendant, Josef 
K aufm ann, associated w ith  Gg. Saxinger and 
producing  cm cibles w ith  rem arkably s im ila r 
stamps (fig . 129) 29. D id  the m eaning o f the 
sym bol rem ain the same too?
As an a lternative hypothesis, was the 
presence o f  th is pa rticu la r sym bol a response 
to  custom ers’ expectations? In  o the r w ords, 
d id  potters add it  to  th e ir products — perhaps
Figure 130. Top, bottles of becherovka. 
Bottom, detail of the stamp printed in 
the label and also moulded in the glass 
(Pernod Ricard n.d.).
29 Stephan (1995: 36, fig. 24) includes a drawing o f a crucible showing a stamp very similar to this, and 
containing the initals IK ,  as probably originating from Hesse, another renowned crucible making region 
(see chapter 8). This attribution is in all likelihood erroneous.
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unaware o f its  fu ll m eaning -  sim ply because they so ld m ore? I t  seems feasible tha t at 
least some m anufacturers reproduced varia tions o f th is m o tif as im ita tio n s  o f  o the r 
successful p roductions. S tem m ing fro m  th is, m ore questions m ay be asked: to  w hat 
extent d id  the presence o f the stam p co n d itio n  the acqu is ition  and use o f  crucibles? I f  it  
d id  at a ll, was i t  taken as a representation o f appealing ideas o r ju s t as an in d ica tio n  o f  a 
renow ned provenance?
T o  name b u t one appropria te  exam ple, the au tho r was struck w hen n o tic in g  tha t 
the b o ttle  o f  becherovka, the fam ous Czech sp irit, s till exh ib its  a house m ark no tab ly  
akin to  tha t discussed here (fig . 130). The in itia ls  show n are those o f  Jan Becher (JB), 
the son o f the early 19th-century pharm acist w ho started se lling  the beverage, even 
though the com pany now  belongs to  the m u ltin a tio n a l P ernod R icard (Jan Becher - 
Pernod R icard 2003). Is /w as the becherovka producer a freem ason? D o e s /d id  he know  
the h is to rica l m eaning o f the sym bol? D o /d id  custom ers no tice  o r m ind  the stamp?
M uch in fo rm a tio n  rests in  po tte ry  house m arks, and research in to  th e ir h is to ry  
and meanings is encouraged (cf. G aim ster 1997: 156-162). In  1431, a legal ord inance 
made it  m andatory fo r b lack wares sold in  the V ienna m arket to  be stam ped, and it  is 
assumed tha t th is w ou ld  serve as an assurance fo r b o th  po tte rs ’ gu ilds and custom ers 
(P ittio n i 1977: 94-95; Bauer 1983: 36). By the 19th century, some crucib les p roduced in  
O bem ze ll exh ib ited  as m any as six m arks on  th e ir bases, w hose o rig ins  and m eanings 
are yet to  be investigated in  deta il (Bauer 1976: 37). A  few  answers and m any questions 
have been presented here, fo r w h ich  jo in t archaeological and h is to rica l w o rk  s till has 
m uch to  c la rify .
7.5. Crucibles from Obernzell in Oberstockstall? Historical and 
archaeological information
W ith in  the general fram ew ork o f the p ro d u c tio n  o f b lack cm cib les in  Bavaria 
and surround ing regions, and having established the special ro le  o f O bem ze ll as a 
p ro d u c tio n  centre, th is chapter has to  fin ish  w ith  a considera tion  o f  the provenance o f 
the b lack cm cibles found  in  O berstocksta ll: w ere they p roduced in  O bem zell?
T h is hypothesis seemed the m ost reasonable in  a p re lim in a ry  approach (von 
O sten 1998: 86). I t  is w o rth  rem em bering tha t one o f  the chym ists w h o  arguably 
w orked  in  O berstocksta ll, U rban vo n  Trenbach, was the a rchb ishop o f  Passau between 
1561 and 1598, a pe riod  overlapp ing  w ith  the fu n c tio n in g  o f  the  labora to ry. A s the m le r
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o f the archdiocese em bracing O bem ze ll, he w o u ld  have had easy access to  the fam ous 
instrum ents produced in  th is village.
The study o f  the archaeological rem ains suggests otherw ise, though . The 
analytica l characterisation o f the fabrics shows s ligh t b u t p o te n tia lly  s ig n ifica n t 
differences between the cm cibles fro m  O berstocksta ll and the com parative samples 
fro m  O bem ze ll and O x fo rd . W h ils t a ll the unquestionably O bem ze lle r ceram ic fabrics 
fo rm  a coherent group — b o th  cm cibles and ord ina ry ceram ics —, the cm cib les recovered 
in  O berstocksta ll diverge. As advanced above, th is  is noticeab le in  the chem ical 
com position , w ith  the O berstocksta ll cm cibles appearing rich e r in  alum ina and p o o re r 
in  iro n  oxide (Table 16), as w e ll as in  the nature o f  the m inera l inc lus ions, w ith  the 
O berstocksta ll samples show ing m ore abundant z ircon  and scarcity o f  b io tite  and 
am phibole (see sections 6.2.1 and 7.3).
Na20
Oo
n
3
Al20 3 cn O 10 P 2O 5 k2o CaO TiO FeO
OBZL 01 (crucible) 1 . 1 1 . 0 2 7 . 7 5 8 . 3 0 . 4 2 . 5 0 . 9 1 . 2 6 . 9
OX 1422 (crucible) 0 . 3 0 . 8 2 8 . 9 5 5 . 5 0 . 2 2 . 6 0 . 9 1 . 4 9 . 3
OB 362 (stamped) 0 . 2 1 . 0 2 7 . 1 5 9 . 0 0 . 2 1 . 7 1 . 0 1 . 4 8 . 3
OB Crucibles (n=6) 0 . 2 0 . 7 3 2 . 4 5 7 . 3 0 . 3 2 . 1 0 . 7 1 . 3 5 . 0
Table 16. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of (from top to bottom): the reference crucible from Obernzell, the Obemzeller 
crucible found in Oxford, a large pot found in Oberstockstall bearing an Obernzell stamp, and 
the crucibles found in Oberstockstall. Note the special divergence of the Oberstockstall 
crucibles, particularly in the alumina and iron oxide levels.
A  fu rth e r p o in t o f discrepancy is the stamp. I t  has been noted  tha t a great array 
o f  stamps were used in  O bem zell, and they have n o t been system atically catalogued. 
H ow ever, as fa r as it  can be ascertained, the £T  stam p’ seen in  the O berstocksta ll 
cm cibles has n o t been recorded in  any arte fact excavated in  O bem ze ll. C onversely, th is  
stam p and varia tions o f i t  appear, since the M idd le  Ages, in  cm cib les and o th e r p o tte ry  
spread across the reg ion stre tch ing  along the D anube fro m  Bavaria to  H ungary, w ith  a 
special concentra tion  around V ienna (H o ll 1976). I t  has been suggested th a t the T  m ig h t 
stand fo r T u lin , a sm all v illage o f  po tte ry  producers som e 20 km  fro m  V ienna 
(W iesinger 1937; H o ll 1976; P ittio n i 1976), b u t th is  p o ss ib ility  has n o t been th o ro u g h ly  
investigated yet.
In  any case, the archaeological and ana lytica l data contest the o rig in a l 
assum ption based on h is to rica l in fo rm a tio n  and suggest an A u s tria n , ra the r than
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Bavarian, provenance fo r the crucibles found  in  O berstocksta ll. I f  th is is the case fo r the 
crucibles, the same may be assumed fo r the scorifie rs, w h ich  seemed to  o rig ina te  fro m  
the same po tte rs (see section 6.3.3). T h is  adds a fu rth e r de ta il concern ing the supply o f  
specialised ceram ics to  the labora to ry and, m ore generally, w ith  regards to  the d ive rs ity  
o f the p ro d u c tio n  o f b lack crucibles in  Renaissance C entra l Europe.
7.6. Summary
A  com b ina tion  o f  archaeological and h is to rica l sources docum ents the large- 
scale p ro d u c tio n  o f crucibles in  Bavaria du ring  the early m odem  period . The m ost 
im p o rta n t centre seems to  have been in  O bem zell, b u t o the r crucib le  producers w ere 
scattered th rough  Bavaria, Bohem ia and A ustria . O ne o f  these sate llite  p ro d u c tio n  
nucle i was the tow n  o f Ips (Bohem ia), w h ich  has, how ever, becom e h is to rica lly  m ore 
fam ous than O bem zell, despite the fac t tha t the fo rm e r im p o rte d  clay fro m  the la tte r.
The chrono logy and geographic d is trib u tio n  o f these developm ents cannot be 
established m ore precisely w ith o u t fu rth e r archaeological research. A t th is  stage, i t  is 
clear that, by the 16th century, the industry  was w e ll established. A ll the cm cib les 
produced in  th is reg ion seem to  have shared a b lack lustre , w h ich  w o u ld  have a llow ed 
th e ir s tra igh tfo rw ard  id e n tifica tio n  by the custom er. F uture  research shou ld  try  to  c la rify  
in  m ore de ta il how  the d iffe re n t producers o f  b lack cm cibles re lated to  each o the r, 
p a rticu la rly  in  term s o f  th e ir com pe tition  in  the m arket.
The fabrics o f  these black cm cibles are ric h  in  alum ina and do generally, b u t n o t 
inva riab ly , conta in  graphite. As discussed in  section 6.2, th e ir resu lting  m ateria l 
properties and perform ance w ou ld  have no rm a lly  been very satisfactory. H ow ever, 
another p o in t to  be fu rth e r elucidated is the selection o f clays and the understanding o f 
graphite. Possibly u n til the 18th century, na tu ra lly  g ra p h itic  clays w ere exp lo ited  and 
contended fo r, b u t the connection  between the m inera l g raph ite  and g ra p h itic  clays had 
n o t been fu lly  realised. T h is in te rp re ta tio n , based on  archaeological and archaeom etric 
data, is supported by the fact tha t b o th  entities — g ra p h itic  clays and graph ite  — were 
re ferred to  w ith  d iffe re n t, seem ingly unrelated, names. D u rin g  th is  pe riod , i t  m ay be th a t 
greater im portance was placed on the appearance o f  the  wares as a fa c to r co n d itio n in g  
th e ir perform ance.
A  fu rth e r lin e  fo r fu tu re  research should in vo lve  a m ore  system atic com parison 
between technica l and o rd ina ry ceram ics. C on tra ry  to  tra d itio n a l assum ptions, the
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samples analysed here ind icate tha t g raph itic  clays were reserved fo r techn ica l ceram ics, 
b o th  in  the cases o f O bem ze ll and O berstocksta ll. I t  is the au tho r’s suspicion th a t the 
m anufacture o f o rd ina ry pots w ith  g raph itic  fabrics o n ly  became the no rm  in  the 18th 
century, once i t  was realised tha t these cou ld  be made sim ply by m ix in g  cm shed graph ite  
w ith  any clay. F rom  th is m om ent, the ava ilab ility  o f na tu ra lly  g ra p h itic  clays w o u ld  no 
longer have been such a decisive constra in t.
Post-m edieval cm cibles alm ost certa in ly produced in  O bem ze ll had been 
previously id e n tifie d  in  Bavaria and A ustria , b u t th is thesis also a llow s th e ir 
id e n tifica tio n  in  E ngland — nam ely in  O x fo rd , L ondo n  and C anterbury. F u rthe rm ore , 
black g raph itic  cm cibles, quite possib ly Bavarian, have also been fo u n d  in  the 
D om in ican  R epublic and in  B razil. Even though m any finds lack a clear con text, the 
case studies presented here already docum ent the use o f  g raph itic  cm cib les in  a t least 
three d iffe re n t arenas: in  chym ical laboratories, in  ore assaying contexts, and in  a m in t.
V aria tions o f a com plex stam p, p rim a rily  conspicuous in  the use o f a 4-shaped 
top , appear frequently on the bases o f cm cib les fro m  O bem ze ll. H ow ever, s im ila r 
stamps are observable in  o the r po tte ry  types produced in  d iffe re n t centres, and in  a 
varie ty o f techno log ica l contexts and m edia fro m  the 16th century u n til the present day. 
There fore , the use o f a stamp o f  th is type as a provenancing feature shou ld  always be 
com plem ented w ith  investiga tion  o f o the r param eters. I t  has been dem onstrated tha t 
th is stam p consists o f several overlapp ing sym bols representing a va rie ty  o f  ideas related 
to  the w orlds o f chym istry and, especially, freem asonry. T he  evo lv in g  m eanings and 
im p lica tions o f th is sym bol, b o th  fro m  the perspective o f  m akers and users, open 
another in te resting  path fo r fu tu re  enquiry.
F ina lly , the com prehensive archaeological and ana lytica l data challenge the 
o rig ina l postu la tion  as to  the provenance o f the cm cib les fo u n d  in  the O berstocksta ll 
labora tory. A n  A ustrian  source appears now  m ore plausib le  than a Bavarian o rig in , and 
O bem ze ll in  pa rticu la r seems an u n like ly  source.
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8. The bright crucibles from Hesse
“No object is mysterious. The mystery is in your eye.” 
Elisabeth Bowen (1899 -1973)
8.1. Introduction: “the mystery of the Hessian wares”
In  1677, the chym ist R obert P lo t, w ho  w o u ld  becom e the firs t P ro fessor o f  
C hem istry at the U n ive rs ity  o f O x fo rd , exam ined the E ng lish  crucib les m anufactured by 
John D w ig h t, long  tim e po tte r, experim enta l chym ist and entrepreneur. P lo t concluded 
tha t D w ig h t “ hath discovered also the m ystery o f the Hessian wares, and makes Vessels 
fo r re ta in ing  the penetrating Salts and S p irits o f the C hym ists, m ore serviceable than 
were ever made in  England, o r im po rted  fro m  G erm any i t  s e lf’ (P lo t 1677: 250). T h is 
secret arguably unveiled in  D w ig h t’s w orkshop was indeed a long  standing enigm a: since 
the late M idd le  Ages, crucibles m anufactured in  the reg ion o f Hesse (C entra l G erm any) 
had been w ide ly traded across the w o rld , thus in d ica tin g  th e ir renow ned qua lity.
M ore  than three centuries a fte r P lo t’s observation , in  1992, John  C o tte r 
recaptured the “ m ystery”  to  raise awareness o f the “ rem arkably litd e  a tte n tio n  pa id  to  
the subject o f post-m edieval crucib les”  and, pa rticu la rly , the triangu la r type (C o tte r 
1992: 256). O n  the basis o f h is to rica l sources, C o tte r contended tha t lite ra lly  m illio n s  o f  
these had been im ported  in to  B rita in  alone. Q u ite  rig h tly , he no ted  th a t “ perhaps the 
real ‘m ystery o f the Hessian wares’ is tha t so m any were im p o rte d  in to  th is  coun try  
[England] yet none can pos itive ly  be id e n tifie d ”  (C o tte r 1992: 269). H e also o ffe re d  an 
account o f w ritte n  in fo rm a tio n  re la ting  to  the p ro d u c tio n  and trade o f  crucib les in  post- 
m edieval tim es, and a p re lim ina ry  catalogue o f  archaeological exam ples.
The Hessian crucib le  has gone dow n in  h is to ry  as the  best and the m ost fam ous. 
I t  p robab ly is the on ly technica l ceram ic produced in  m edieval and m odem  E urope 
whose name and repu ta tion  transcend the scope o f specialists’ pub lica tio ns , to  such an 
extent tha t the te rm  ‘Hessian’ is o fte n  extended by m etonym  to  re fe r to  any triangu la r 
vessel. The reasons beh ind  the h igh  status o f  the Hessian cm cib les appear to  be b o th  
h is to rica l and technical, and can be traced back in to  the  M id d le  Ages. A n  approach to
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th is to p ic  w ill p rov ide  a coun te rpo in t to  the preceding chapter, w h ile  a llow ing  a m ore 
com prehensive p ic tu re  o f the p roduction , consum ption  and perform ance o f  crucib les in  
general. L ike  the previous one, th is chapter w ill s ta rt by o u tlin in g  the tra d itio n a l 
know ledge about the Hessian wares, before com p le ting  i t  in  the lig h t o f  archaeological 
and archaeom etric in fo rm a tio n  de riv ing  fro m  the analyses o f  a range o f  crucib les 
recovered across the w o rld . As a result, the founda tions w ill be established fo r  the 
reso lu tion  o f  b o th  ‘m ysteries’: on the one hand, the techn ica l q ua lity  o f  the crucib les and 
w hy they were so h igh ly  esteemed; on the o the r hand, the clues to  id e n tify  these vessels 
in  archaeological contexts30.
8.2. Traditional knowledge: historical and archaeological information
The h is to ry  and archaeology o f crucib le  p ro d u c tio n  in  the G erm an reg ion o f  
Hesse has been addressed in  deta il, based on w ritte n  docum ents and loca l archaeological 
finds (Stephan 1995), there fore  on ly a b rie f ou tline , based on  Stephan’s book, is 
presented here. Even though the firs t w ritte n  reference to  the m anufacture o f  crucib les 
dates to  1503, archaeological evidence attests the p ro d u c tio n  o f techn ica l ceram ics in  the 
villages o f E pterode and A lm erode (later m erged in  ‘G roB alm erode’) as early as the 12th 
century.
In  the 17th century, loca l po tters were in  legal d ispute w ith  C oun t M o ritz  (1592- 
1627), h im se lf a p ra c titio n e r o f chym istry, and ho lde r o f b o th  the p riv ileges fo r the 
exp lo ita tio n  o f clays and the m anufacture o f crucibles. C oun t M o ritz  custom arily  leased 
these privileges to  the highest b idder — on one occasion the leaseholders were n o t even 
G erm an, b u t D u tch  producers —, and th is caused irr ita tio n  am ongst the locals. H ow ever, 
i t  is know n tha t the illega l m anufacture o f crucib les to o k  place to  a considerable extent, 
before the fin a l w ithd raw a l o f these priv ileges tow ards the end o f  the cen tury (Stephan 
1995: 12-16).
H is to rica l sources re levant to  the m anufacture and trade o f  crucib les du rin g  the 
early stages o f th is industry  are scanty. O n ly  fro m  the second quarte r o f  the 18th cen tury
30 Given that the main focus o f this work is laid on the crucibles themselves, rather than on the specific 
reactions carried out within, the discussion shall concentrate on the ceramic materials, giving details o f the 
metallurgical or chemical residues when necessary, but w ithout addressing the interpretation o f their uses. 
For the crucibles from Jamestown and Burgsteinfurt, whose primary utilisations were less well known, a 
more thorough analytical approach was required. Relevant micrographs and numerical data are presented 
in Appendix 2, but the comprehensive discussion and interpretation are being prepared for publication 
separately, as they fall outside the scope o f this thesis. For the other assemblages, previous scientific 
studies have been reported in chapter 4.
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do we have d irec t references to  the expo rt o f  Hessian wares to  E ngland , Scandinavia, 
Russia, A m erica, East Ind ia  and C hina via  the harbours o f  B rem en, A m sterdam  and 
D an2ig  (Stephan 1995: 32). I t  is w o rth  no ting , how ever, the observa tion  made by the 
E ng lish  alchem ist Thom as N o rto n  w hen, in  1477, he praised the fire  resistance o f  the 
crucibles “ made o f  Stone” , allegedly n o t produced “ in  any C oun try  o f  E ng lish  g rounde”  
(N o rto n  1652: 95). T h is  cou ld  constitu te  an early reference to  the im p o rt o f  Hessian 
vessels.
A n  exceptiona lly v iv id  descrip tion  o f  the crucib le  m anu factu ring  process as it  
to o k  place in  the late 18th-century Hessian w orkshops m ay be obta ined fro m  a va rie ty  o f 
sources (Beckm ann 1787; G atterer 1790; Funke 1800; a ll as c ited  in  Stephan 1995). 
W h ite  o r grey clay was dug ou t by the lease holders fro m  pa rticu la rly  deep layers. T h is  
clay was m ixed w ith  fine  sand in  ratios va ry ing  fro m  1:1 to  a m ore sandy 1:3 m ix , and 
the paste was subsequently m oistened and repeatedly kneaded by feet fo r  several days. 
In te resting ly, the sand was obta ined fro m  a specific loca tion : the Fahren Creek, w h ich  
was dam m ed up so tha t the sand could be collected fro m  the sedim ent. O th e r sources 
m en tion  the m anufacture o f crucibles w ith  clay m ixed w ith  fin e ly  g round  grog, in  ra tios 
ranging fro m  1:1.5 to  1:331.
A cco rd ing  to  these sources, triangu la r crucib les were m ade in  six d iffe re n t si2e 
grades, w h ich  fitte d  in to  each o the r fo rm in g  ‘nests’ th a t fac ilita ted  econom ic fir in g  and 
transporta tion . A lso  beaker-shaped crucibles w ith  one p o u rin g  lip  w ere produced, as 
w e ll as square ones — the la tte r, m anufactured on  dem and on ly. A ll o f them  had 
norm a lly  fla t, round  bases, as they were th ro w n  on the p o tte r’s w heel32. P u rpo rted ly , one 
single crucib le  m aker could produce one thousand m ed ium -si2ed crucib les in  one day. I t  
was crucia l tha t the crucibles were tho rough ly  d ried  a fte r the m anufacture , fo r w h ich  
they had to  be placed in  a d ra ft. F o r th is reason, cruc ib le  m aking was p rim a rily  a 
seasonal activ ity , and crucibles made during  the hum id  w in te r were deemed o f in fe rio r 
qua lity. O ne source describes a k iln  as e llip tica l and having a d o o r on  e ithe r side, w h ich  
cou ld  be opened and closed to  adjust the tem perature. T h is  m ust have been o f a 
considerable si2e, as it  to o k  three to  five  m en day’s w o rk  to  f i l l  up  a single k iln  The
31 T o  counter possible confusions, it should be mentioned that present-day crucible makers in 
GroBalmerode produce graphitic vessels, but this constitutes a 20th-century innovation.
32 Although not mentioned in the 18th-century sources, Stephan (1995: 11, fig. 3) also shows triangular 
crucibles with a convex, pointy base, which would more easily sit within the uneven charcoal bed in a 
hearth, but would be inappropriate for the flat platform o f an assay furnace. This crucible shape would 
also be convenient for operations such as stibnite parting (see section 2.2.2), where a very small metallic 
regulus was to be collected in the bottom o f the vessel. Some o f these crucibles were also seen by the 
author in the assemblage from the Porto M int.
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crucib les were packed qu ite  tighdy — as show n by archaeological exam ples o f  m is fired  
nests w ith  the crucibles perm anendy stuck to  each o th e r — and fire d  fo r 48 hours.
8.3. Further knowledge: archaeometry and comparative archaeology 
8.3.1. Characterisation and distribution
O n ly  detailed analytical studies o f  Hessian crucib les may help exp la in  th e ir 
technica l qua lity, w h ils t p ro v id in g  clues fo r th e ir id e n tifica tio n . B e fo re  th is  w o rk , 
how ever, archaeom etric analyses o f these vessels were scarce. Stephan (1995: 22-23) 
reported  the elem ental com position  o f a num ber o f cruc ib le  samples, p robab ly  obta ined 
by w et chem ical analyses, as published in  the 19th and 20th centuries. M ore  recently, he 
presented b u lk  X R F  analyses o f tw o  m edieval Hessian crucib les used fo r glassm aking 
(Stephan 1998). These results were consistent in  the h igh  alum ina levels o f  the paste, 
together w ith  lo w  concentrations o f  a lka li and earth a lka li elem ents. N evertheless, the 
presum able degrees o f p recision and accuracy o f  these data do n o t p e rm it re liab le  
com parisons w ith  o the r archaeological crucibles. In  1986, Freestone and T ite  u nde rtoo k  
a m ore system atic study o f tw enty crucib le  samples rang ing fro m  the R om an to  the late 
m edieval period , in c lud ing  the characterisation o f clay m atrices, tem per and m ateria l 
p roperties. The in fo rm a tio n  regarding at least one o f  the  la te r crucib les presented by 
them , w hen com pared to  the data presented here, suggests th a t i t  cou ld  constitu te  a 
Hessian vessel, even though the lack o f com parative data d id  n o t a llow  such a ttrib u tio n  
in  the o rig in a l study (Freestone and T ite  1986, see be low )33.
T h is section starts w ith  the characterisation o f  some crucib le  fabrics fro m  
G roBalm erode, the m ost im p o rta n t crucib le  p ro d u c tio n  centre in  the reg ion  o f Hesse. 
F rom  th is, i t  w ill expand on to  the analyses o f samples fro m  o the r sites across the w o rld  
tha t, a fte r th is w o rk , may be a ttribu ted  to  the  same producer. These w ill add fu rth e r 
details regarding the varying paste preparations and the spread o f Hessian wares, b o th  in  
term s o f geographic span and specific contexts o f u tilisa tio n . O n  th is  basis, the m ateria l 
p roperties and perform ance o f  the crucib les fro m  Hesse w ill be discussed.
a) GroBalmerode (Hesse, Germany)
33 I t  may be worthwile remembering here that the S E M -E D S  chemical compositions o f  crucibles 
presented in this thesis refer to the ceramic matrices, i.e. excluding discrete mineral inclusions, following 
the analytical approach developed by Freestone and Tite (1986), therefore our data are inter-comparable 
(see section 5.5).
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T he tw o  crucib le  samples fro m  G roBalm erode are surface finds and th e ir dates 
are unknow n. B o th  sherds are th in  (~ 5  m m ) and on ly  slighdy curved, hence they m ay be 
body fragm ents o f triangu la r crucibles. T h e ir external appearance is s im ila r to  tha t o f 
o the r Hessian crucibles published by Stephan: they are orange in  co lou r, and th e ir 
surface texture is gra iny and p im p ly , occasionally show ing stria tions fro m  th e ir 
m anufacture on the p o tte r’s wheel. N o  obvious traces o f  use w ere no ted  (fig . 131).
The sample 52207V consists o f  an extrem ely fin e  and lean clay m a trix  con ta in ing  
about 30 vo l%  o f quartz grains. These are subspherical and re la tive ly  sm all (<500 pm ), 
although rare ly sm aller than 100 pm , e ithe r because the tem per was sorted o r because 
the sm allest particles have m elted. A ll o f  them  are shattered by therm al stress (figs. 132- 
133). The clay m a trix  shows continuous v itr ific a tio n , w ith  deve lopm ent o f  a ne tw o rk  o f 
fine  voids. H ow ever, i t  appears very firm  and is fa r fro m  te rm in a l d is to rtio n  (fig . 134). 
U nder X P L , the paste presents a peculiar aspect: the m a trix  is grey in  co lou r, b u t the 
areas surround ing quartz grains are slighdy less v itr ifie d  and show  a b rig h t orange 
co lou r, in  spite o f having exacdy the same com position  (figs. 135-136). Shrinkage cracks 
para lle l to  the body surfaces are abundant and generally preserve th e ir angular shape. 
A p a rt fro m  the quartz grains, the on ly  rem arkable inc lus ions are some iro n  rich  
m inerals, w h ich  m elted and fluxed  the surround ing  clay. These o fte n  appear as h o llo w  
subspherical inclusions surrounded by a dark, m ore v itr ifie d , area, and occasionally e rup t 
th rough  the surface o f the vessel (figs. 137-138). H ow ever, g iven th e ir sm all size — 
norm a lly  <200 pm  large — th e ir presence does n o t seem to  challenge the s ta b ility  o f the 
crucib le. F ina lly , very rare occurrences o f tin y  z irco n  and o th e r silicates were id e n tifie d .
The o the r sample (G roBalm erode 52205Z) is m ore altered by post-depositiona l 
processes, w ith  co rros ion  products penetra ting  th ro u g h  the fab ric  cracks (fig . 139). Its  
m icrostructu re  is, how ever, noticeab ly akin  to  th a t o f the previous sample. T he clay 
m a trix  shows continuous v itrific a tio n , com b in ing  grey co lours in  the core w ith  lig h t 
orange to  w h ite  areas around the quartz grains and on the surface. Sand grains are 
s lighdy less abundant (~20 vo l% ). They are very shattered and usually appear 
accom panied by shrinkage cracks (fig . 140).
The chem ical com pos ition  o f  the clay m atrices o f b o th  specim ens is nearly 
iden tica l. I t  reveals an outstand ing  re fractoriness, w ith  alum ina concentra tions around 
37 w t%  and the sum o f  the iro n  oxide, a lka li and earth a lka li oxides be low  5 w t%  (Table 
17). The fir in g  tem perature o f these vessels is estim ated to  have reached 1500 °C, i.e. 
above the usual tem peratures at w h ich  they w o u ld  be u tilised . T h is  is ind ica ted  by the
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high degree o f v itrific a tio n  — despite the clay re fractoriness —, and the fac t tha t the 
surfaces o f the sm aller quartz grains appear buck ling  and bond in g  w ith  the clay m atrix . 
In  add ition , given the lo w  iro n  oxide concentra tion  o f  the paste (be low  2 w t% ), the 
b rig h t orange co lou r o f the surfaces denotes a very ox id is ing  fir in g  atm osphere.
Figure 131. Detail of the 
surface of the crucibles 
from GroBalmerode. Note 
the characteristic orange/ 
grey colour and the sandy 
surface (left, outer surface 
of GroB 52205Z; right, 
inner surface of GroB 
52207V).
Figure 132. BSE photo­
micrograph of the ceramic 
fabric of a GroBalmerode 
crucible, showing
abundant sub-spherical 
quartz grains, as well as 
shrinkage cracks (GroB 
52207V/sl, 50x).
1mm
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Figure 133. BSE photo­
micrograph of the same 
crucible fabric under
higher magnification, 
showing the shattered
condition of all the quartz 
grains (GroB 52207V/sl, 
lOOx).
600|jm
Figure 134. SE photo­
micrograph of the crucible 
matrix under very high 
magnification, showing 
continuous vitrification 
with fine voids (GroB 
52207V/sl, 800x).
70jjm
Figure 135. Fabric of the 
same crucible under XPL, 
showing a grey, vitrified 
matrix with orange areas 
preferentially around sand 
grains and cracks, as well 
as decomposing iron oxide 
minerals (dark spots) 
(GroB 52207V/sl, XPL, 
50x, long axis represents 
~ 2  mm).
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Figure 136. Detail of the 
same fabric (GroB 
52207V/sl, XPL, lOOx, long 
axis represents- 1  mm).
Figure 137. Detail of a 
decomposing iron oxide 
mineral, fluxing the 
surrounding fabric (GroB 
52205Z/sl, XPL, 200x, long 
axis represents -500 pm).
Figure 138. BSE
photomicrograph of the 
same mineral. Note its 
hollow nature (GroB
52205Z/sl, 400x).
100|jm
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Figure 139. Fabric of a 
GroBalmerode crucible. 
Note the darker colour of 
those areas of the matrix 
where no quartz grains are 
present, as well as the 
penetration of brown post- 
depositional products into 
the cracks (GroB 
52205Z/sl, 50x, long axis 
represents ~ 2  mm).
Figure 140. BSE photo­
micrograph of the ceramic 
fabric of the GroBalmerode 
crucible 52205Z, showing 
very shattered quartz 
grains, in slightly lower 
concentrations than
52207V (fig. 132), and a 
few bloated regions with 
molten minerals (brighter 
and with round voids) 
(GroB 52205Z/sl, 50x).
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Na20
Oon3 Al20 3 Si02 P2O5 k2o CaO Ti02 FeO
GroBalmerode 52207V* 0 .1 0.5 36.9 56.8 0 . 2 1.5 0.3 1.9 1.9
GroBalmerode 52205Z* 0 .1 0.5 37.5 56.5 0.4 1 .2 0.3 1.9 1.7
Cripplegate WFG 18/129* 0 .1 0.5 36.9 56.8 0.3 1 .2 0 . 2 1 .8 2 . 2
Cripplegate WFG 18/116 0.5 0.5 36.6 57.0 0.3 1 .2 0 . 2 1 .8 2 . 0
Jamestown JR 124F/C1 0 . 2 0.5 36.8 57.1 0 . 2 1.1 0.4 2 . 0 1 .8
Jamestown A631/CC2 0.1 0.5 35.6 57.8 0.4 1 .2 0.4 2 . 2 1.7
Jamestown JR 1024/CC3 0 .2 0.4 36.8 56.4 0.3 1.5 0 . 2 1.9 2.3
Porto Cl/91/3032/60* 0 . 2 0.7 36.6 56.9 0 .1 1.4 0.3 1 .8 2 . 0
Oxford OX n001* 0 . 2 0.5 36.5 57.1 0 . 2 1.4 0 . 2 2 . 0 2 . 0
Oxford OX 1413 0.4 0 . 2 36.4 58.0 0 . 2 1.9 0 . 2 1 .6 1 .2
Burgsteinfurt BGF 01 0 .2 0.5 36.9 56.5 0.1 1.4 0.5 2 . 0 1.9
Burgsteinfurt BGF 02 0.1 0.5 36.4 57.2 0.3 1.7 0.4 2 . 0 1 .6
Burgsteinfurt BGF 03 0 . 2 0.5 37.6 56.1 0.3 1 .6 0.4 1 .8 1.5
London 25842 - 0 . 8 37.7 56.2 - 1 .2 0.4 1.9 1.4
Mean unused (n=5) 0 . 1 0.5 36.9 56.8 0 . 2 1.3 0.3 1.9 2 . 0
Std. dev. 0.05 0.09 0.39 0 . 2 2 0 .1 1 0.13 0.05 0.08 0.18
Coeff. var. 50.0 18.0 1.1 0.4 55 1 0 . 0 16.7 4.2 9.0
Max. 0 . 2 0.7 37.5 57.1 0.4 1.5 0.3 2 . 0 2 . 2
Min. 0.1 0.5 36.5 56.5 0 .1 1 .2 0 . 2 1 .8 1.7
Mean overall (n=14) 0 . 2 0.5 36.8 56.9 0.3 1.4 0.3 1.9 1 . 8
Std. dev. 0 . 1 2 0.13 0.55 0.55 0 . 1 0 0.23 0 .1 0.14 0.31
Coeff. var. 60.0 26.0 1.5 1 . 0 33.3 16.4 33.3 7 .4 17.2
Max. 0.5 0 . 8 37.7 58.0 0.4 1.9 0.5 2 . 2 2.3
Min. 0.1 0 . 2 35.6 56.1 0 .1 1.1 0 . 2 1 .6 1 .2
Table 17. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of Hessian crucibles discussed in the text. The star (* )  denotes those without clear 
traces of high-temperature utilisation. ‘Mean unused’ refers to these unused vessels, while 
‘Mean overall’ refers to all of them. Data for London 25842 from Freestone and Tite (1986: 43).
b) Cripplegate buildings (London, UK)
The crucibles fro m  C ripplegate B u ild ings were deposited in  the early 17th 
century. The archaeological con text and the analytica l study o f  the residues w ith in  the 
vessels suggested tha t they were used fo r activ ities related to  g o ld sm ith in g  and copper- 
a lloy m e lting  (Bayley 2003). Several fab ric  types were id e n tifie d . Some o f  the crucibles 
show ing few er traces o f  use strong ly resem bled the reference samples fro m  
G roBalm erode, pa rticu la rly  in  the orange co lo u r and the sandy textu re , w h ich  suggested
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tha t they cou ld  be Hessian. These were the th innest vessels o f the assemblage, w ith  
body w alls as th in  as 3 m m . A na ly tica l exam ination o f  the triangu la r crucib le  W F G  
18 /129 (fig . 141) con firm ed  the o rig ina l provenance hypothesis.
As in  the samples characterised above, the clay m a trix  o f th is cruc ib le  shows 
extensive to  continuous v itr ific a tio n , and a neat co lo u r d iffe rence  betw een the generally 
grey m a trix  and the orange areas surround ing the quartz grains and at the surfaces (figs. 
142-143). Its  chem ical com position  is also s trik in g ly  analogous to  th a t o f  o the r Hessian 
wares (Table 17). The fab ric  is tem pered w ith  ~ 20  vo l%  subspherical quartz grains, 
no rm a lly  <500 pm  large, and shows elongate shrinkage cracks. The sm allest quartz 
inclusions seem to  have dissolved w ith in  the paste. A  num ber o f o the r m o lten  m inerals 
were id e n tifie d , re la tive ly  rich  in  iro n  and potash, w h ich  flu xed  the su rround ing  paste. 
U nder X P L , m ost o f these bloated areas appear dark, b u t some o f them , rich e r in  
potash and possib ly co nstitu ting  m o lten  feldspars, are translucent (figs. 144-145).
A n o th e r specim en was rem oved fro m  a used triangu la r crucib le  w ith  a th icke r 
w a ll and show ing a lig h te r co lou r (W FG  18/116). The vessel conta ins a th in  slag layer, 
very rich  in  soda and lim e (each o f  them  above 15 w t% ), toge ther w ith  traces o f lead, 
copper and zinc (fig . 146). Its  fab ric  is tem pered w ith  ~30 vo l%  subspherica l quartz 
grains (<500 pm ) and shows shrinkage cracks (fig . 147). The  co lo u r o f  the paste is 
generally lig h t grey to  w h ite , p robab ly due to  its  use in  reducing cond itio n s , a lthough 
those regions w ith o u t m inera l inclusions appear s lig h tly  darker. The  chem ical 
com position  o f  the paste and the nature o f the tem per clearly suggest th a t th is crucib le  
belongs to  the same group as the previous one. In  th is  fa b ric , how ever, m ost o f the 
m o lten  m inerals id e n tifie d  constitu te  nodules rich  in  silica, a lum ina and iro n  oxide. O ne 
m inuscule z ircon  inc lus ion  was also noticed.
O n th is basis, the m a jo rity  o f  the triangu la r crucib les fro m  the assemblage may 
be ascribed to  Hesse, a lthough some exceptions, possib ly loca l crucib les, are present as 
w e ll (see section 9.3).
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Figure 141. One of the
Hessian crucibles
identified in the
Cripplegate assemblage
(W FG  18/129).
Figure 142. Ceramic fabric 
of the crucible shown in 
fig. 141. Note the more 
vitrified grey matrix and 
the orange regions 
surrounding quartz
inclusions (W FG  18/129/s2, 
sXPL, 50x, long axis 
represents ~ 2  mm).
Figure 143. BSE photo­
micrograph of the same 
crucible at high 
magnification, showing 
extensive vitrification with 
fine voids (W FG 18/129/sl, 
SE, 800x).
70pm
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Figure 144. Section 
through the outer part of 
the Hessian crucible W FG  
18/129, showing a molten 
feldspar grain
(translucent, bottom), and 
a decomposing iron oxide 
(dark, right) (W FG  
18/129/S2, XPL, lOOx, long 
axis represents ~1 mm).
Figure 145. BSE photo­
micrograph of the same 
area (W FG 18/129/s2, 75x).
Figure 146. Detail of the 
fabric of a crucible, 
showing the penetration of 
the alkali slag (bright) 
through shrinkage cracks 
(W FG  18/116/sl, BSE, 
lOOx).
500(jm
800jjm
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Figure 147. General view 
of the ceramic fabric of the 
same crucible, showing 
abundant subspherical 
quartz grains and
shrinkage cracks (W FG  
18/116/sl, BSE, 50x).
c) Jamestown (Virginia, USs4) 
The crucibles recovered 
in  Jam estown (V irg in ia , U SA), 
like  those fro m  the Cripplegate 
B u ild ings, were dated to  the 
beginn ing o f the 17th century (fig . 
148). G iven  the invo lvem ent o f 
G erm an craftsm en in  the 
V irg in ia  Com pany, the o rig ina l 
suspicion was tha t the technical 
ceramics m igh t have been 
brough t fro m  G erm any, namely 
fro m  Hesse (Luccke tti et al. 1994; 
Straube and Luccke tti 1996). 
H ow ever, th is  hypothesis had n o t 
been con firm ed  u n til the present 
w ork. A t least one o f the 
preserved crucib le  bases shows 
tw o  c ircu la r stamps con ta in ing  
tw o  lines o f le tters, respectively
Figure 148. Group of crucibles and metallurgical 
remains from Jamestown (photo Carter Hudgins).
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INCHES
reading P T V  and G E R , separated by a centra l do t. T h is  stam p, h ith e rto  u n id e n tifie d , is
in  fact iden tica l to  tha t observed in  crucibles excavated in  Hesse and pub lished by
Stephan (fig . 149).
Figure 149. Bottom of a 
crucible from Jamestown 
(photo Carter Hudgins). 
Inset, drawing of the same 
stamp, as identified by 
Stephan (1995: 36-37, figs. 
24-25) in crucibles from 
Hesse.
The specimen JR  124F/C 1 is a fragm ent o f a beaker-shaped cruc ib le  (fig . 150). 
The paste appears w h ite  to  lig h t grey, except fo r the surface, w h ich  is lo o k in g  darker 
and sm oother as a resu lt o f contam ination  and v itr ific a tio n  d u rin g  use. I t  is tem pered 
w ith  30-40 vo l%  quartz grains, spheroid, w ith  a lo w  degree o f angu la rity, and 
m oderately w e ll sorted — m ost o f them  between 200 and 500 pm  large. In  add ition , 
there are some round ish  argillaceous inclusions, about 1 m m  large, w h ich  are 
com positiona lly  iden tica l to  the m ain ceram ic m a trix  and also con ta in  quartz grains. 
These are generally surrounded by a shrinkage vo id , and th e ir presence clearly causes a 
random  crack d is trib u tio n  w ith in  the paste, com pared to  the pa ra lle l elongate cracks o f 
m ost o f the o the r cm cibles. They are in te rp re ted  as g rog  fragm ents, a lthough the h igh  
v itr ific a tio n  o f the paste makes it  d iffic u lt to  c o n firm  th is  (figs. 151-152). In  spite o f the 
therm al refractoriness ind icated by the chem ical analyses (see be low ), the ceram ic m a trix  
shows continuous v itrific a tio n , w ith  developm ent o f a n e tw o rk  o f fin e  vo ids. T h is , 
together w ith  the shattered co n d itio n  o f a ll the quartz in c lus ions, indicates a h igh  fir in g  
tem perature, e ither du ring  o rig in a l m anufacture o r d u rin g  use. H ow ever, the paste 
appears very dense and firm . The clay m a trix  is extrem ely hom ogeneous, and no m inera l 
inclusions o the r than the quartz grains were id e n tifie d . M ic roscop ic  and S E M -E D S
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analyses o f the residues w ith in  the vessel ind ica te  tha t i t  was used fo r m e ltin g  a h ig h -tin  
bronze w ith  some lead and zinc (A ppend ix 2).
The crucib le  A  631/C C 2  is a very sm all triangu la r vessel, w ith  a fla t base o f  15 
m m  in  diam eter, possib ly used fo r the assay o f  pyrites fo r  go ld  (fig . 153). I t  also exh ib its  
surface con tam ina tion  and evidence o f exposition  to  ve ry  h igh  tem peratures, a lthough it  
does n o t appear to  have becom e unstable. The clay m a trix  is grey and shows 
developm ent o f fine  to  m edium  v itr ific a tio n  vo ids (fig . 154). A ll the quartz inc lus ions (in  
th is case, ~20 vo l% ) are shattered. There are re la tive ly  b ig  elongate cracks across the 
body w a ll, w ith  th e ir shapes slighdy buck ling  as a resu lt o f the h igh  tem perature. A s in  
the previous sample, the paste is very lean and hom ogeneous — o n ly  some ru tile  and one 
ilm e n ite  inclusions were id e n tifie d  as discrete m inerals, a ll o f  them  m inuscule. A lso  a 
few  bloated areas are present, up to  1 m m  large, dark in  X P L , subm eta llic in  PL. S E M - 
E D S  ind icated h igh concentrations o f  iro n  oxide in  these areas, as w e ll as a h igher 
alum ina to  silica ra tio  than in  the ceram ic m a trix  (fig . 155).
F ina lly, JR  1024/C C 3 is a fragm ent o f a re la tive ly  b ig , beaker-shaped cm cib le , 
w h ich  m ig h t also have been used fo r an assaying reaction  (figs. 156-157). Its  surface 
appears sm ooth and lustrous due to  v itr ific a tio n  and con tam ina tio n  du rin g  use, b u t its  
m icrostructu re  is analogous to  tha t o f the previous specim en, a lbe it w ith  a larger 
concentra tion  o f quartz tem per (~30 vo l% ) (fig . 157).
The chem ical com position  o f the ceram ic m atrices o f  the three crucib les show 
s ligh tly  h igher va ria tion  ranges w hen com pared to  the  reference samples, p a rtly  a resu lt 
o f varying con tam ina tion  fro m  use. H ow ever, they can reasonably be ascribed to  the 
same group (Table 17, p. 223).
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Figure 150. Crucible 
fragment JR 124F/C1.
Figure 151. Detail of the 
fabric of the crucible, 
showing an argillaceous 
inclusion surrounded by a 
shrinkage crack (right), 
which is interpreted as 
grog (JR 124F/C l/sl, 
sXPL, 50x, long axis 
represents ~ 2  mm).
Figure 152. BSE photo­
micrograph of the same 
fabric area (JR  
124F/C l/sl, 50x).
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Figure 153. Crucible 
sample A631/CC2/631.
Figure 154. Detail of the 
fabric of the crucible, 
showing complete
vitrification. Note that 
larger voids are not shown 
in the image
(A631/CC2/631/sl, SE, 
800x).
70pm
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Figure 155. Section 
through the same crucible, 
showing the quartz- 
tempered fabric with one 
small bloated region 
(bottom) and slag remains 
adhering to the inner 
surface (top)
(A631/CC2/631/sl, BSE,
50x).
1mm
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Figure 156. Crucible rim 
fragment JR 1024/CC3. 
Note the shiny glaze and 
relatively smooth surface 
resulting from
contamination and
vitrification during use.
Figure 157. BSE
photomicrograph of the 
crucible JR 1024/CC3, 
showing the penetration of 
slag, very rich in lime and 
copper oxide, through the 
fabric cracks (JR
1024/CC3/sl, 50x).
1mm
d) Porto M int (Portugal)
The specimen fro m  the P o rto  M in t (Portugal) was 
rem oved fro m  a sm all unused triangu la r crucib le , no tab ly 
s im ila r to  some o f the vessels recovered at the C ripplegate 
B u ild ings (fig . 158). U n fo rtuna te ly , i t  lacks a clear 
stra tig raph ic context, therefore i t  may date to  e ithe r o f the 
tw o  periods o f ac tiv ity  in  the m in t, the firs t one between 
the 14th and the 16th centuries, and the second one in  the 
late 18th century. Its  texture  is pa rticu la rly  sandy, especially 
on the inne r surface, as a resu lt o f  the th in  w alls (3 m m ) and the abundant rounded 
quartz grains e rup ting  th rough  the surface (40 vo l% , up to  1 m m  large) (fig . 159). The 
surface co lou r is orange, b u t closer exam ination  o f  the  fa b ric  reveals the typ ica l
Figure 158. Fragment of the 
crucible CI/91/3032/60 from 
the Porto M int, showing the 
characteristic appearance of 
the Hessian wares.
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com b ina tion  o f  a h igh ly v itr ifie d  grey m a trix  w ith  lig h te r grey o r orange areas 
surround ing the tem per. The paste contains num erous b u t m inuscule b lack spots — 
b rig h t in  BSE images created by decom posing iro n  oxide  inclusions (fig . 160). 
C hem ically, the clay m a trix  fa lls w ith in  the same range as a ll the o the r Hessian wares 
(Table 17, p. 223).
Figure 159. Detail of a 
sand grain erupting 
through the inner surface 
of a crucible (Porto 
C I/9 1/3032/60/s 1, BSE, 
lOOx).
3
V
t
%
Figure 160. Fabric of the 
same crucible, showing 
quartz temper, shrinkage 
cracks, and very abundant 
minuscule iron minerals 
(dark spots) (Porto 
C I/9 1 /3032/60/s 1, XPL,
50x).
e) Old Ashmolean Laboratory (Oxford, UK)
A longside the g raph itic  crucib le  discussed in  the p revious chapter (section 7.3.2), 
tw o  o ther crucib le  fragm ents fro m  the O ld  A shm olean w ere analysed. O ne o f  them  is 
an orange, seem ingly unused, triangu la r cm cib le , each side o f  the rim  be ing 50 m m  long ; 
the o the r one is a sm aller, beaker-shaped vessel, 45 m m  h igh , w ith  a rim sherd  o f
600pm
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another (o r the same?) crucib le  stuck to  the ou te r surface and clear evidence o f h igh - 
tem perature use.
The analysis o f the triangu lar crucib le  (O X  nOOl; figs. 161-162) con firm ed  the 
hypothesis o f a Hessian provenance, as its  paste m icros truc tu re  is analogous to  th a t o f 
the o the r unused crucibles fro m  Hesse. I t  is tem pered w ith  30-40 vo l%  subspherical 
quartz grains, up to  1 m m  large, w h ich  appear shattered by the rm a l stress and frequendy 
e rup t th rough  the surface fo rm in g  b rig h t orange specks. M any tin y  decom posing b lack 
iro n  oxides were id e n tifie d , together w ith  a few  larger (<500 pm ), translucent, m e ltin g  
feldspars, and m inuscule ilm en ite  and ru tile  (figs. 163-164).
Figure 161. Triangular 
crucible fragment O X  
nOOl.
Figure 162. Detail of the 
surface of the same
crucible, showing the 
typically Hessian colour 
and texture.
Figure 163. Fabric of the 
crucible O X  nOOl, showing 
subspherical quartz
temper and abundant 
shrinkage cracks oriented 
parallel to the surfaces 
(O X  nOOl, PL, 50x, long 
axis represents ~ 2  mm).
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Figure 164. Another view 
of the same area of the 
fabric. Note the orange 
regions around the larger 
quartz inclusions, as well 
as the presence of small 
decomposing minerals (O X  
nOOl, XPL, 50x, long axis 
represents ~ 2  mm).
The o ther crucib le  (O X  1413; fig . 165) shows a darker b row n  surface, also very 
sandy b u t m uch m ore contam inated and v itrifie d . I t  was selected because o f  its  s im ila rity  
to  another vessel tha t appeared d is to rted  by tem perature, w h ich  m ig h t suggest an 
in fe rio r heat resistance (fig . 166). The analysis o f th is specim en shows, how ever, tha t 
th is crucib le  belongs to  the same group as the o the r Hessian ones, and is the re fo re  very 
re fracto ry  (Table 17, p. 223). The actual reason behind the fa ilu re  o f  some o f  the vessels 
is m ore like ly  a resu lt o f chem ical attack by the con ten t and an extrem ely h igh  
tem perature o f use. As noted by C hris Salter (H u ll 2003: 11-13; B ennett et al. 2000: 31- 
47), th is and o the r crucibles fro m  the assemblage underw en t exceptiona lly h igh 
tem peratures, certa in ly h igher than necessary fo r m e lting  the substances he ld  w ith in . In  
th is case, the clay m a trix  shows com plete v itr ific a tio n  characterised by massive glass 
fo rm a tion  w ith  m edium  to  coarse subspherical vo ids (fig . 167). A ll the quartz grains, 
w h ich  are cracked th roughou t, seem buck ling  and d isso lv ing  w ith in  the  clay m a trix . The 
glassy layer adhering to  the inne r surface and penetra ting  in to  the fa b ric  is com posed o f 
m o lten  ceram ic m ateria l w ith  a strong co n trib u tio n  o f manganese oxide (25 w t% ) and 
con ta in ing  globules o f manganese sulphide (fig . 168).
W h ile  the aim  o f th is thesis is n o t to  investigate the specific  u tilis a tio n  o f the 
crucibles, i t  is w o rth  n o tin g  how  these observations m atch the know n  ra tiona le  o f the 
O ld  Ashm olean labora tory, fo r chem ical research and teaching, w ith  experim ents on  a 
po ten tia lly  w ide range o f m aterials, in c lu d in g  the then u n know n  manganese and its  
com pounds. O n  the contrary, the sc ie n tific  approach disproves the o rig in a l suggestion 
regarding the provenance o f  the crucib les, based on the  h is to rica l evidence fo r the
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re la tionsh ip  between John D w ig h t and R obert P lo t. W h ils t G raham  H u ll (2003: 24) 
concluded tha t “ i t  is h igh ly like ly  tha t [ . . . ]  the ta ll triangu la r crucibles [ . . . ]  w ere o f 
D w ig h t’s m anufacture and may even pre-date the earliest know n E ng lish  made 
examples” , the analytical study indicates tha t the vessels fo u n d  in  the O ld  A shm olean 
were im ported  fro m  d iffe re n t centres on the con tinen t (see also section 7.3.2).
Figure 165. Small crucible 
from the Old Ashmolean 
laboratory. Note the rim 
sherd adhering to its outer 
surface (O X 1413).
Figure 166. Top view of 
two similar crucibles from 
the same assemblage. Note 
the clear distortion of the 
left one (O X 1406 and O X  
1405).
Figure 167. Detail of one 
crucible fabric under high 
magnification, showing 
complete vitrification and 
development of medium to 
coarse voids (O X 1413/sl, 
800x).
70pm
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Figure 168. Detail of the 
slag penetrating from the 
inner surface through 
cracks and softening the 
paste. Note the severe 
cracking and the buckling 
of the quartz grains (O X  
1413/sl, BSE, 75x).
J) Burgsteinfurt (North Rhine-Westphalia, Germany)
The analysis o f the m eta llurg ica l rem ains fro m  B u rg s te in fu rt suggests th a t they 
orig inate  fro m  a w orkshop w here d iffe re n t copper alloys w ere m elted and cast. O f 
pa rticu la r in terest is the presence o f one crucib le  tha t was presum ably used fo r 
‘spe ltering ’, i.e. the p roduction  o f h igh -z inc brass by co -fus ion  o f  copper w ith  pure 
m eta llic  zinc (see A ppend ix 2). G iven  the uncerta inties regard ing the in tro d u c tio n  o f 
th is technique in  Europe, it  is pa rticu la rly  un fo rtuna te  tha t no  clear archaeological 
con text o r dates are know n fo r th is assemblage. N evertheless, the  characterisation o f the 
crucib le  fabrics serves to  broaden ou r know ledge o f the Hessian wares.
The fo u r cm cibles fro m  B u rgs te in fu rt have th ick , fla t, ro u n d  bases and 
triangu la r rim s. They represent three d iffe re n t size ranges. T he firs t one (B G F  03 and 
B G F  04) has a base diam eter o f 37 m m , a he igh t o f  98 m m , and a th in  body (4-5 m m ). 
The side o f the rim  is 75 m m  long. In  the second one (B G F 02), the base is s ligh tly  
bigger (40 m m  in  diam eter) and the body is th icke r (5-7 m m ), b u t the he igh t cannot be 
reconstructed. F ina lly, B G F  01 is the biggest type, a lthough n o t the th ickest. I t  has a 
base diam eter o f  50 m m , a he igh t o f 128 m m , and a body thickness o f 5-6 m m , on ly  
th icke r at the base and the rim . F rom  the preserved fragm ents, the o rig in a l leng th  o f the 
rim  is estim ated to  be 85 m m . O vera ll, these crucibles appear m uch s lim m er than those 
recovered in  O berstocksta ll (fig . 169).
The external surface o f  these vessels generally shows a sm ooth  layer o f 
v itr ific a tio n  in  a dark b ro w n  to  b lack co lour. T h is  layer, as analysed by S E M -E D S  in
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B G F  03/ s i,  showed exceptionally h igh iro n  oxide concentra tions, in  the range o f 20 
w t% , as w e ll as some crusts o f iro n  sulphide.
E xcept fo r the surfaces, the fab ric  o f these crucibles is lig h t grey to  w h ite  in  
co lour. I t  is tem pered w ith  30-40 vo l%  o f subspherical sand grains, n o t very w e ll sorted 
and reaching up to  1 m m  in  diam eter. The great m a jo rity  o f these inclusions are quartz 
grains, and a ll o f  them  appear shattered as a resu lt o f  therm al stress. The sm allest o f  
these appear m elting. The paste shows very large shrinkage cracks along the body, some 
up to  0.5 m m  w ide and several m illim e tres long. The m a trix  is ve ry lean and 
hom ogeneous, and it  is com positiona lly very s im ila r to  the o the r Hessian crucib les 
(Table 17, p. 223). I t  is heavily v itr ifie d  and appears as a continuous glass phase (figs. 
170-173). A p a rt from  the quartz and some m o lten  feldspar grains, the o n ly  discrete 
m inera l inclusions are rare occurrences o f ru tile .
Figure 169. Comparison 
between one of the
crucibles recovered in
Oberstockstall (left) and 
one of the vessels found in 
Burgsteinfurt (right),
where the slenderness of 
the latter may be noticed. 
Note the deep black 
surface colour and
relatively smooth
appearance of the latter, in 
spite of its Hessian quality 
(OB 307 and BGF 04).
Figure 170. Fabric of the 
crucible BGF 02, showing 
abundant quartz temper 
and shrinkage cracks 
(BGF 02/sl, BSE, 50x).
1mm
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Figure 171. Detail of the 
crucible BGF 01. Note the 
substantial zinc oxide-rich 
crust adhering to the inner 
surface (top), as well as the 
large shrinkage cracks 
within the paste (BGF  
01/sl, BSE, 50x).
1mm
Figure 172. Detail of the 
slag within crucible BGF 
02, penetrating into the 
fabric through cracks 
(BGF 02/sl, BSE, lOOx).
600pm
Figure 173. Detail of a 
molten mineral within the 
fabric of a crucible, 
probably a feldspar (BGF  
02/sl, BSE, lOOx).
600pm
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g) Other archaeological examples of Hessian crucibles
O n the basis o f th e ir fab ric  appearance and, in  some cases, th e ir stam ps, some 
archaeological crucibles may be ten ta tive ly  ascribed to  Hesse, despite the lack o f 
conclusive analytical data and the fact tha t, in  each case, the authors w ho  pub lished the 
crucibles were unable to  id e n tify  th e ir provenance.
As fa r as the au thor is aware, the earliest examples o f  Hessian crucib les know n  
outside C entra l E urope were those excavated at the A rch b ish o p ’s Palace in  T rondhe im  
(N orw ay). They were dated to  the period  1500-1537, and appear re lated to  the m in tin g  
operations carried o u t at the site. O ver one thousand crucib le  fragm ents w ere recovered, 
representing d iffe re n t sizes and shapes, some o f w h ich  show  gra iny surface textures 
s im ila r to  the typ ica lly  Hessian wares (Saunders 2001: 27-28 and 85, fig . 5a). The  crucia l 
clue fo r th e ir ascrip tion, how ever, is given by the three s ta r-like  stamps fo u n d  on the 
base o f  one o f  them , iden tica l to  the tw o  on a cruc ib le  fo u n d  in  G ro fia lm erode  and 
illustra ted  by Stephan (1995: 47, fig . 39). T h is fin d in g  establishes the presence o f 
Hessian crucibles in  Scandinavia over tw o  hundred years be fo re  the firs t w ritte n  record  
o f  th is trade.
O the r examples o f Hessian crucibles have been pub lished by C o tte r (1992) in  
his catalogue o f triangu la r crucibles. F irs tly , th is au tho r records tw o  nearly iden tica l 
nests o f five  triangu la r crucibles each, one found  in  C olchester H ig h  S treet (U K ), and 
another one fro m  G reat Y arm outh  (N o rfo lk , U K ). They are presum ably unused, 
supporting  the idea tha t these nests were bough t as a ‘u n it’ . In  b o th  cases, the biggest 
vessel is stam ped in  the base w ith  the le tters C G  inside an ova l cartouche (C o tte r 1992: 
267-269). A lth o u g h  no exact paralle l fo r th is  stam p has been fo u n d , a very s im ila r one, 
w ith  the in itia ls  IG , is know n fro m  Hessian examples (Stephan 1995: 36, fig . 24). T h is , 
in  add ition  to  the characteristic th in  w alls and gra iny textu re , endorses the ascrip tion  o f 
the E nglish  finds to  the G erm an producer.
A n o th e r crucib le  published by C o tte r was fo u n d  in  L o n d o n  B road Street and 
dated ante quem to  1647 (M useum  o f Lo n d o n  C on te x t N o . B R O  90 [205] (353), cf. 
C o tte r 1992: 259). Its  stamp was described as n o t very clear, and was ten ta tive ly  read as 
a circum ference con ta in ing  the le tters P IV  and G H K  (the tw o  last le tte rs as a ligature). 
M ost like ly , the actual reading o f the stam p is P T V  G E R , w h ich  w o u ld  m ake i t  iden tica l 
to  tha t in  contem porary crucibles fou n d  in  Hesse (Stephan 1995: 26-37, figs. 24-25) and 
Jam estown (see above, fig . 149). O th e r triangu la r, orange, seem ingly Hessian, crucibles
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have been id e n tifie d  by the au thor o f th is  thesis in  the stores o f  the M useum  o f  L ondo n  
A rchaeology Service (M oLA S )34. Nevertheless, they generally lack clear contexts and 
chronolog ies, thus adding litd e  to  th is p ictu re . A  fu rth e r exam ple o f Hessian wares 
found  in  London  is p robab ly a h igh -fired , quartz sand-tem pered late m edieval crucib le  
analysed by Freestone and T ite  (Freestone and T ite  1986: 53) and whose m a trix  
chem ical com position , obtained by the same technique as used in  th is  thesis, fa lls w ith in  
the same range (Table 17, p. 223)35.
C o tte r (1992: 261-262) also reports some crucib les fo u n d  in  K o ks ijd e  (W est 
F landers, B elgium ) and probab ly dated to  the 17th century, w h ich  he notes as very 
s im ila r to  those fro m  C olchester (see above). A cco rd ing ly , by association, these cou ld  
also constitu te  Hessian vessels.
The inven to ry  o f possibly Hessian crucibles concludes w ith  a group o f  ten 
unused vessels, representing six consecutive size grades, fo u n d  at the m ou th  o f the 
G uadalqu iv ir R iver in  Sanlucar de Barram eda (Cadiz, Spain) and pub lished by Am ores 
Carredano and L lo re t M arin  (1995). T h e ir carefu l descrip tion  o f  the  appearance o f  the 
crucibles — acutely patent in  th e ir characterisation o f the paste surface as “ toad skin 
textu re”  —, alongside the illu s tra tions  p rovided , and toge ther w ith  the co n te x t o f  the 
finds, supports a Hessian o rig in . These crucibles m ay have been sw ept to  the seashore 
fro m  a ship tha t w ou ld  have w recked at th is  d iffic u lt spot o f  the  A d a n tic  rou te  to  
Seville. Am ores Carredano and L lo re t M a rin  (1995: 266) no te  tha t Seville he ld  a 
com m ercia l m onopo ly fo r trade w ith  the Ind ies betw een the 16th and the 18th centuries, 
and therefore even Germ an goods w ou ld  have to  stop over in  Seville p rio r to  sh ipp ing  
to  C entra l o r South Am erica. I t  is w o rth  rem em bering, nevertheless, th a t archaeological 
excavations at La Isabela (D om in ican  R epublican), the firs t Spanish co lony in  A m erica , 
have n o t uncovered b rig h t Hessian crucib les, b u t b lack, p robab ly  Bavarian, ones (see 
section 7.3.3).
34 The accession numbers o f the most obviously Hessian ones are 11437, 16752 and 17845.
35 Another late medieval crucible analysed by Freestone and Tite (1986: 43, N o . 25843) shows a very 
similar clay composition, but no details are given regarding the paste microstructure, therefore this sample 
is left outside the present catalogue.
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8.3.2. Manufacture, appearance, technical standard and performance
In  the lig h t o f  the sc ien tific  study o f a w ide  arm y o f  Hessian crucib les, we can 
a ttem pt a synthesis o f th e ir fo rm a l and m ateria l p roperties, as w e ll as an assessment o f  
th e ir perform ance.
The firs t no tew orthy feature is the very consistent appearance o f the Hessian 
wares, so long  as they were unused. In  a ll cases, the general appearance o f  the paste is 
orange, b u t a closer lo o k  reveals a grey glassy m a trix  w ith  orange regions a round the 
sand grains. These frequendy erup t th rough  the surfaces, b rin g in g  about a characteristic 
p im p ly , toad sk in -like , texture. Exam ples o f unused crucib les fro m  G roBalm erode, 
P o rto , Cadiz, T rondhe im  and several E ng lish  sites illu s tra te  th is. N o  doub t, as i t  
happened w ith  the black, sm ooth crucibles fro m  Bavaria, the lig h t, sandy crucib les fro m  
Hesse cou ld  have been easily id e n tifie d  by po ten tia l users as be long ing  to  the same 
group .
W ith  d iffe re n t cond itions o f use, how ever, th is external appearance w o u ld  be 
altered. The fabrics o f used crucibles no longer show  the orange shade, b u t no rm a lly  are 
lig h t grey instead. T h e ir surfaces o ften  appear sm oother and even b lack in  co lou r, as a 
resu lt o f the h igh v itrific a tio n , p robab ly fostered by the fue l ash and m eta l oxide fum es, 
as w e ll as deliberate ly reducing cond itions o f use fo r some operations. These features 
have been recorded in  used crucibles fro m  C ripplegate, Jam estow n and B u rg s te in fu rt, 
w h ich  cou ld  n o t have been recognised as Hessian fabrics w ith o u t sc ie n tific  
investigation.
Just as the appearance o f the crucibles seems to  have been very u n ifo rm , so does 
the m anufacturing process. A ll the Hessian crucib les analysed, irrespective  o f  th e ir date, 
were produced w ith  the same type o f fabric. T h is was a very lean and hom ogeneous clay 
m atrix , characterised by a superior alum ina concen tra tion , toge ther w ith  very lo w  iro n  
oxide, a lka li and earth a lka li levels. The clay base was inva ria b ly  m ixed w ith  fin e  sand 
tem per (20-40 vo l% ), w e ll sorted (usually 200-500 pm  large) and very ‘clean’ in  th a t i t  
v irtu a lly  consisted o f pure quartz. T h is descrip tion  applies to  p rac tica lly  a ll o f the 
crucibles analysed, and denotes th a t Hessian cruc ib le  m akers h is to rica lly  adhered to  a
36 The only potentially confusing crucibles could be those manufactured by John D w ight at Fulham, 
England, in the late 17th century, since he deliberately endeavoured to imitate the Hessian wares (see 
above, section 8.1). However, even though D w ight’s crucibles admittedly look very similar to the truly 
Hessian ones, their spread seems to have been very limited (Green 1999: 95-98). Nowadays, the English 
ones can be singled out under the microscope because their fabrics contain crushed glass, added to 
promote the vitrification o f the clay matrix (Freestone 1991).
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successful recipe, using b o th  clay and sand specifica lly  selected fo r  techn ica l ceram ics. 
O n ly  one o f the crucibles fro m  Jam estown shows w ha t m ig h t constitu te  g rog  tem per, 
and th is w ou ld  m atch an a lternative recipe recorded in  an 18th-century source. Q uartz 
tem per aside, m inera l inclusions w ith in  the crucib le  fabrics are generally scarce and very 
sm all. These are m ost o fte n  iro n  oxides, a lthough nodules ric h  in  silica, a lum ina and iro n  
oxide, and potassium  feldspar inclusions were also id e n tifie d . Inva riab ly , they appear 
d isso lving w ith in  the clay m atrix  and flu x in g  the su rround ing  area, b u t never 
catastrophica lly. O n ly  one know n Hessian crucib le  has been reported  to  have nearly 
fa iled  due to  spot m e lting  (Ch. Salter in  H u ll 2003: 11) and, at present, th is  m ay be 
considered an exception. Those crucibles were fire d  in  a very strong, lo n g  and ox id is ing  
fire , reaching tem peratures around 1500 °C. T h is  fir in g  tem perature w o u ld  rare ly be 
reached during  norm al use o f the vessels.
The m ateria l properties o f the crucib les thus m ade w o u ld  generally be 
advantageous. The high-alum ina, low -a lka li clay w o u ld  render it  an exceptiona lly 
re fracto ry fabric, b o th  therm ally and chem ically. F u rthe rm ore , the continuous 
v itr ific a tio n  resulting fro m  the h igh tem perature p re firin g  w o u ld  m ake the cm cibles 
m ore stable th rough the in itia l stages o f  fir in g  du ring  use, and i t  w o u ld  increase th e ir 
tensile strength and im perviousness. Even in  those crucib les w ith  heavier residues o f 
use, there is slag m echanically penetrating th rough  the fa b ric  cracks, b u t the  chem ical 
com position  o f the ceram ic m a trix  shows re la tive ly  litd e  con tam ina tion  in  a ll cases (see 
A ppend ix 1), suggesting tha t the v itr ific a tio n  im p roved  th e ir resistance to  chem ical 
attack. F ina lly, the abundant sand tem per w o u ld  s ign ificandy enhance the toughness and 
therm al shock resistance. I t  was crucia l tha t th is sand was com posed o f  quartz ra ther 
than other, less re fracto ry, m inerals, and crucib le  m akers seem to  have been aware o f 
th is. Indeed, this tem per recalls the “ nice w h ite  sand”  recom m ended by Lazarus E rcke r 
fo r cm cib le  m aking (Sisco and S m ith 1951: 24). A ll in  a ll, the ‘m ystery’ o f  the qua lity  o f 
the Hessian wares seems to  have been the selection o f ve ry  re fra c to ry  clays, w e ll re fined  
and m ixed w ith  fine  quartz sand, and subsequendy very h igh  fired .
In  certa in circum stances o f use, how ever, the  m ateria l p roperties o f these 
cm cibles may have been challenged. F irsdy, the toughness and the rm a l shock resistance 
o f the vessels may n o t have been su ffic ie n t in  some cases, especially i f  they were used 
repeatedly: the h igh  v itr ific a tio n  o f  the clay m a trix  w o u ld  m ake i t  re la tive ly  prone  to  the 
developm ent o f cracks upon sudden therm a l o r m echanical stresses; w h ile  the quartz
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inclusions, given th e ir subspherical shape, w o u ld  n o t arrest these lines o f  fractu re  as 
e ffective ly  as o ther, m ore angular, tem per types (K ilik o g lo u  et al. 1998; T ite  et al. 2001).
Secondly, the grainy texture o f the crucib les w o u ld  present a re la tive ly  large 
surface area, w ith  litd e  cracks in  the spots w here the sand grains erupted (fig . 159). T h is 
w ou ld  arguably fac ilita te  the penetration o f  corrosive  substances in to  the cruc ib le  body, 
w h ich  cou ld  also slip  th rough the substantia l shrinkage cracks along the w alls, as seen 
above in  several used vessels (figs. 146, 157, 168 and 172) (cf. Freestone and T ite  1986: 
58). Some o f the la te r beaker-shaped crucibles fro m  Hesse, as fou n d  in  G ro fia lm erode  
and, qu ite  possibly, in  O x fo rd  (fo r w h ich  analytical co n firm a tio n  is pending), show  
s ligh tiy  sm oother surfaces. A t present it  is n o t possible to  determ ine w hether th is  is a 
resu lt o f fin e r tem per o r a m ore carefu l surface fin ish , b u t th is  m ig h t constitu te  an 
a ttem pt at cop ing w ith  chem ical attack. In  any case, w hen co n fro n te d  to  the analytica l 
study, it  seems paradoxal to  recall the eu log istic statem ents by the chym ists Johann 
G lauber (1651: 313) o r R obert P lo t (1677: 250), w ho em phasised tha t Hessian crucib les 
retained e ffic iendy “ metals and salts” , o r “ the Salts and S p irits o f the C hym ists”  (see 
fu rth e r discussion in  chapter 10).
O n the contrary, lim ite d  resistance to  tem perature changes and vu ln e ra b ility  to  
corrosion  by lead and lead oxide were precisely the tw o  flaw s o f  the Hessian crucib les 
noted by G atterer (G atterer 1790, as cited  in  Stephan 1995: 31), b u t he o ffe re d  some 
advice so as to  m in im ise them : to  prevent unexpected fractures, he suggested using so ft 
crucib le  bases, increasing the tem perature o f the furnace gradually, and p lac ing  the 
crucibles back in  the furnace a fte r casting fo r a m ore steady coo ling ; to  coun te r 
corrosion, he proposed sm earing the crucib le  w ith  o il and sp rin k lin g  some crushed 
green glass. Th is w ou ld  have provided  a surface v itr ific a tio n  layer p robab ly  reducing  the 
open poros ity  o f the surfaces. O bviously, G a tte re r was unable to  expla in  these flaw s in  
the m ateria l properties o f the cm cibles using the same term s as th is  thesis, b u t he 
observed the problem s and was acquainted w ith  the strategies to  p reven t them . F o r 
present-day archaeom etrists, the obvious m o ra l o f  th is  s to ry is the need o f 
d istingu ish ing  m ateria l p roperties fro m  perform ance characteristics and specific  
techniques o f use w hen studying past artefacts (see section 3.6).
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8.4. Summary
Since the 12th century at least, the reg ion  o f Hesse has w itnessed the 
developm ent o f a large-scale crucib le  m anufactu ring  industry , w ith  the m ain centres in  
(G roB -)A lm erode and Epterode. C om bin ing  h is to rica l and archaeological in fo rm a tio n , 
i t  is possible to  establish tha t by the early 16th century, and possib ly earlier, Hessian 
crucibles were exported to  a w ide in te rna tion a l m arket. N o t on ly  do we fin d  evidence o f 
th is trade th rougho u t G erm any, b u t also in  B elg ium , B rita in , Scandinavia, the Ibe rian  
Peninsula and even in  co lon ia l N o rth  Am erica.
These vessels were used fo r a ll sorts o f pyro techno log ica l activ ities, in c lu d in g  
go ldsm ith ing , co in  m in ting , ore assaying and bronze and brass m eta llurgy. T h is  success 
may be related to  the outstanding perform ance o f  the crucib les, praised as un ique in  
several w ritte n  sources, w h ich  even gave rise to  im ita tions . The secret beh ind  th is  qua lity  
was a carefu l selection o f raw  m aterials and a system atic m anu factu ring  process tha t 
rem ained unchanged fo r centuries. W ritte n  descrip tions o f the crucib le  m aking process 
as recorded in  the late 18th century m atch nearly w o rd  fo r w o rd  w ha t archaeom etric 
analyses docum ent in  samples predating these sources by a lm ost tw o  hundred  years. 
N o rm a lly , specific clays o f rem arkable chem ical and the rm a l re fractoriness were 
collected and re fined , and subsequently tem pered w ith  very fin e  quartz sand fro m  the 
Fahren Creek. A lso  grog cou ld  be used as tem per. A fte r fo rm in g  on  the w heel and 
drying, the cm cibles were fire d  in  an ox id is in g  atm osphere to  extrem ely h igh  
tem peratures.
C ontrary to  tra d itio n a l assum ptions, Hessian cm cib les m ay o r m ay n o t be 
triangular. W hat m ost o f them  share is a p a rticu la rly  p im p ly  textu re  and a b rig h t orange 
surface co lour. The clay m atrices o f these vessels are s trik in g ly  u n ifo rm  in  th e ir chem ical 
com positions and in  th e ir appearance under the m icroscope, show ing a h ig h ly  v itr ifie d  
grey m a trix  w ith  orange regions around the sand grains. These features are on ly  present 
in  unused vessels.
G iven  th e ir specific m icrostm ctu re , the  generally advantageous m ateria l 
properties o f  the Hessian wares may have been challenged in  situa tions o f  extrem e 
therm al shock o r chem ical attack. H ow ever, h is to rica l sources exp la in  how  to  counte r 
these possible flaw s, thereby ensuring a good perform ance.
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9. ‘Neither dark nor bright’: other crucible productions
“Not all treasure is silver and gold, mate ”
Jack Sparrow (Johnny Depp) in Pirates o f the Caribbean
(2003)
9.1. Introduction
The previous tw o chapters addressed the h is to ry  and techno logy o f crucib le  
p ro d u c tio n  in  w hat seem to  have been the m ost im p o rta n t areas w here techn ica l 
ceramics were m anufactured in  the Renaissance and la te r tim es. I t  has to  be emphasised, 
how ever, tha t o ther productions co-existed w ith  the fam ous ‘b rig h t’ crucib les fro m  
Hesse and the ‘dark’ crucibles fro m  Bavaria and su rround ing  regions. M uch  m ore 
research w ill be needed before a precise assessment can be m ade o f  the exten t to  w h ich  
these m ajor industries dom inated the m arket at d iffe re n t tim es and areas; b u t the 
presence o f o ther, even i f  less im po rtan t, crucib le  producers m ust be b ro u g h t in to  the 
p ic tu re  in  order to  avoid undue sim p lifica tions.
T h is chapter b rie fly  summarises h is to rica l references to  suitable clay banks o r 
crucib le  m anufacturers outside the m ain p ro d u c tio n  centres discussed above. 
Subsequently, th is in fo rm a tio n  is com pleted w ith  details o f  some post-m edieva l 
crucibles whose analytical characterisation led to  th e ir ascrip tion  to  th is broad category 
o f ‘the others’ . A fte r th is, we w ill have enough data fo r a m ore com prehensive and 
in te rp re ta tive  approach to  the p rod u c tio n  and consum ption  o f  crucib les, w h ich  w ill be 
presented in  the next chapter.
9.2. Alternative crucible productions in the written sources
A  survey fo r sources o f crucib les cited  in  w ritte n  sources reveals an array o f 
options. I t  is o ften  d iffic u lt to  discern w hen the places m entioned  are s ign ifican t 
p rod u c tio n  centres o r sim ply those fa m ilia r to  the au tho r in  question . F urtherm ore , 
some sources p o in t to  specific clay banks w h ils t o thers d ire c tly  note  the provenance o f
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the vessels, and these — i.e. clay and m anufacture r o rig ins — d id  n o t necessarily co incide, 
as illus tra ted  by the case o f the Ipsian crucib les (section 7.2). A  large num ber o f  the 
places cited are w ith in  the borders o f present-day G erm any. A lth o u g h  th is  reg ion  
undoubted ly housed the largest concentra tion  o f  crucib le  producers in  the post- 
m edieval w o rld , th is emphasis may also be a re fle c tio n  o f  the coun try  best know n  to  
m ost o f these w rite rs. F ina lly , along w ith  these sm aller p roduction s, one shou ld  n o t 
fo rge t tha t some users cou ld  make th e ir ow n vessels, a practice  recorded in  several 
sources as late as the 17th century (G lauber 1651: 313-327, and section 10.2).
In  the early 16th century, the anonym ous au tho r o f  the Probierbiichlein 
recom m ends tha t crucibles “ should be made o f b lue o r gray clay, o r o f O berg  earth 
fro m  near the m onastery o f H ildesheim ” , in  Low e r Saxony (Sisco and S m ith  1949: 111). 
A  few  decades later, the same loca tion  appears in  A g rico la ’s De natura fossilium as a 
source o f “ b lack chalk”  used fo r crucib le  m aking. H ow ever, A g rico la  adds some m ore 
loca lities and, qu ite  in teresting ly, he insinuates a fu n c tio n a l specia lisation: n o t o n ly  does 
he m ention  the triangu lar crucibles fro m  Ips, used at the m in t, b u t also those fro m  
W aldenburg, w h ich  are described as being very fire  resistant and allegedly p re fe rred  by 
apothecaries, o r those fro m  R othenburg, near N urenberg , used fo r  brass p roduction . 
O th e r sources o f clay fo r technica l ceram ics m entioned by A g rico la  are in  Low er 
Lo rra ine , Aachen, Sieburg and, fu rth e r to  the W est, in  Spain (F raustadt and Prescher 
1958: 52-61). W hen addressing brass m aking, B irin g u cc io  notes th a t “ the crucib les were 
made o f  Valencia [SE Spain] clay, o r they were b ro u g h t ready-m ade fro m  V ienna ” ; la ter, 
in  his discussion o f  glass w ork ing , he again cites V a lencia  clay, b u t also acknowledges 
the use o f “ tha t o f Treguanda [Tuscany, Ita ly ] o r o th e r places w hose clay resists the fire  
fo r a long  tim e because o f its  pa rticu la r nature”  (S m ith and G n u d i 1990: 72 and 128).
In  the 17th century, G abrie l P lattes (1639: 19) m entions “ Flanders m e ltin g  P ots”  
being sold in  London , co-existing w ith  lo ca l ad hoc m anufactures. T he  Flanders crucib les 
m ay have been tru ly  D u tch  vessels o r, a lte rna tive ly , G erm an o r o th e r p roductions 
shipped fro m  the L o w  C ountries. F u rthe rm ore , even i f  m ade in  F landers, these vessels 
cou ld  be m anufactured w ith  im p o rte d  clay, as suggested by G lauber w hen c itin g  “ earth 
b rough t ou t o f England., and France in to  H o lla n d ”  fo r c ruc ib le  m aking (G lauber 1651: 
313). A p a rt fro m  D u tch , Hessian and “ Gibsensiarf* (Ipsian?) crucib les, G lauber also 
credits the repu ta tion  o f  the crucib les fro m  W aldenburg. T h is  m ust have constitu ted  a 
long  lived  p ro d u c tio n  centre, as it  was re fe rred  to  by A g rico la  one cen tury before  (see 
above), and i t  w ill be cited  again over a hundred year la te r (see be low ).
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The 18th century witnesses fu rth e r d ive rs ifica tio n  in  the m arket. In  th e ir 
Encyclopedic, D id e ro t and D ’A lem be rt (as c ited  in  C o tte r 1992: 265) acknow ledge th a t the 
Hessian crucibles are the m ost fam ous, b u t they note  th a t F rench crucib les now  
pe rfo rm  equally w e ll. In  England, the p ro d u c tio n  o f  crucib les fro m  B ritis h  m aterials is 
in s titu tio n a lly  encouraged, and several corpora tions begin to  m anufacture them  w ith  
varying success (C haldecott 1981; C o tte r 1992: 267-269). W ith in  G erm any, G atte re r 
(1790, as cited in  Stephan 1995: 31) explains how  the existing  crucib le  m akers fro m  
Hesse, Bavaria and Bohem ia fin d  g row ing  com petito rs in  the fo llo w in g  areas: 
C harlo ttenburg, near B e rlin ; W aldenburg in  Saxony; Skele, W urge l and o th e r places near 
M agdeburg; Engelshartszell im  Lande ob der Ens, near the D anube; and Lu tte rbe rg , 
near H anover. A cco rd ing  to  h im , the p roductions fro m  L u tte rb e rg  and W aldenburg 
were deliberate — yet unsuccessful — attem pts at im ita tin g  Hessian crucibles.
The G reat E x h ib itio n  tha t to o k  place in  Lo n d o n  in  1851 inc luded  a co m p e titio n  
o f crucibles fro m  across the w orld . The broad range o f in te rn a tio n a l h igh -qua lity  
technical ceramics presented there indicates th a t the ‘secrets’ o f  cruc ib le  m anufacture 
were w ide ly know n by then (Percy 1875: 110-141). T h is  m arke t expansion w o u ld  have 
been supported by the increasing dem and, together w ith  the developm ents in  
m anufacturing  and transporta tion  systems in  the wake o f  the  In d u s tria l R evo lu tion .
9.3. Material properties and performance of some alternative crucibles
I t  is qu ite  rem arkable tha t the vast m a jo rity  o f  the crucib les analysed w ith in  th is 
P hD  p ro ject were found  to  be e ither Hessian o r Bavarian, especially i f  one takes in to  
account tha t the selection o f samples was n o t guided by th e ir assumed provenance. T h is  
h in ts at a considerable dom inance o f these m a jo r p roduction s  at the expense o f  sm aller 
o r loca l producers, a lthough m uch m ore archaeological data w ill be needed in  o rde r to  
quan tify  these in teractions and study th e ir e vo lu tio n  over tim e. In  any case, the 
characterisation o f the few  technica l ceram ics fo u n d  to  o rig ina te  elsewhere m ay o ffe r 
some clues to  explain the be tte r repu ta tion  o f the m ore successful m anufacturers.
9.3.1. Zwickau (Saxony)
The m eta llu rg ica l rem ains fro m  Z w ickau  w ere dated to  the second h a lf o f  the 
15th century (Beutm ann et al. 2000). T w o  crucib le  types w ere id e n tifie d : on  the one hand,
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big  (£400 m m  high) ob long  pots, used 
in  com bina tion  w ith  dom ed lids fo r the 
p roduction  o f brass by cem entation o f 
m eta llic  copper w ith  zinc ore; on the 
o the r hand, sm aller (~13 m m  high) 
triangular vessels used fo r the m e lting  
and re fin in g  o f brass p rio r to  casting 
(M artinon-T orres and Rehren 2002)
(fig. 174).
The cem entation crucibles are 
th ick  (~25 m m ) and appear heavily 
v itr ifie d  as a result o f the re la tive ly low  
alum ina con ten t in  the clay m atrix  and 
the considerable am ounts o f zinc oxide 
contam ination, w h ich prom oted the 
soften ing o f the ceram ic du ring  use.
The paste is tem pered w ith  ~40 vo l%  
subangular quartz grains. The lids and 
the triangu lar crucibles are m uch th inner, as they w o u ld  n o t be expected to  h o ld  the 
same weights. B o th  o f them  were made w ith  a d iffe re n t ceram ic m ateria l, being m uch 
riche r in  alum ina, and also conta in ing abundant quartz inc lus ions (fig . 175; Table 18).
F rom  a technical v iew po in t, the m ost special aspect o f  a ll the crucib le  samples is 
tha t they invariab ly appear coated by a layer o f less re fra c to ry  clay, now  heavily v itr ifie d  
(fig . 175; Table 18, note the generally low er a lum ina and h igher potash con ten t in  the 
ceram ic m atrix). Th is was used n o t on ly  to  seal the lids to  the b igger crucib les, bu t 
generally to  provide  an external ‘w rap ’ fo r a ll the ceram ics. Q u ite  possib ly, th is oute r 
layer was indeed expected to  v itr ify  du ring  the h igh-tem pera tu re  u tilisa tio n , e ither to  
p rovide  a h igh ly viscous w rapp ing  to  counteract the e ffe c t o f any cracks in  the m ain 
ceram ic body, a n d /o r to  d is trib u te  the heat fro m  the furnace m ore evenly and thus 
avoid cracks in  the firs t place (Bayley and Barclay 1990; Bayley et al. 1991; M a rtin o n - 
Torres and Rehren 2002). T h is  continuous ou te r ceram ic layer is a feature frequently 
docum ented in  Rom an and m edieval crucibles, b u t it  has n o t been recorded in  any o f 
the o ther post-m edieva l crucibles analysed in  th is w o rk . T h is  m ay be re lated to  the m ore 
re fracto ry  nature o f the la tte r vessels, w h ich  w o u ld  make th is p ro tective  layer
Figure 174. Crucibles from Zwickau. Top, 
fragments of brass cementation pots. Bottom, 
triangular vessels used for melting and refining. 
Scalebar is 10 cm (photos Jens Beutmann).
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unnecessary. F o r earlier and less re frac to ry  crucib les, th is  procedure w o u ld  ensure an 
acceptable perform ance in  spite o f the lim ite d  m ate ria l p roperties o f  the ceram ic.
As it  seems, these crucibles cou ld  have been produced loca lly. The rem arkably 
high titan ia  con ten t in  the crucib le  m atrices cou ld  be in te rp re ted  as a geolog ical 
signature o f  the h in te rland  o f Z w ickau, characterised by an abundance o f  tita n iu m  
m inerals (M artinon-T orres and Rehren 2002: 108). M oreover, perhaps the m eta llurg ists 
themselves made th e ir ow n crucibles, i f  we believe the recom m endation made by the 
au thor o f the Probierbiichleim “ I f  you w ant to  learn i t  [cruc ib le  m aking] rea lly w e ll, go to  
the bronze founders o r those w ho cast and w o rk  brass; they make m any crucib les — 
though n o t a ll o f them  w e ll.”  These w ou ld  co-exist w ith  m ore specialised p roductions 
such as the brass m aking crucibles m anufactured in  R othenburg  — n o t fa r fro m  Z w ickau 
— and reported by A grico la  (Fraustadt and Prescher 1958: 53) and L ibavius (Rex 1964: 
12).
Na20 MgO Al20 3 Si02 P2O5 K20 CaO Ti02 MnO FeO
Zwickau big - 0 . 8 17.9 67.0 0.4 2.1 0.9 2.9 0.1 7.9
Zwickau lid - 0.4 24.4 66.1 0.4 1.5 0.3 4.0 <0.1 2.8
Zwickau triangular - 0.4 24.1 64.4 0.4 1.8 0.5 4.1 <0.1 4.3
Wrap big - 1.6 16.9 63.7 0.8 6.0 3.4 3.8 0.4 3.3
Wrap lid - 0.8 23.5 66.0 0.5 4.4 0.3 1.5 0.1 3.0
Wrap triangular A - 1.2 16.1 68.0 0.7 6.1 2.0 1.6 0.3 4.0
Wrap triangular B - 0.5 16.6 70.0 0.4 3.3 0.8 6.4 0.1 2.0
Oberstockstall mean 0.2 0.7 32.4 57.3 0.3 2.1 0.7 1.3 - 5.0
Obernzell OBZL 01 1.1 1.0 27.7 58.3 0.4 2.5 0.9 1.2 - 6.9
Oxford OX 1422 0.3 0.8 28.9 55.5 0.2 2.6 0.9 1.4 - 9.3
Hesse mean 0.1 0.5 36.9 56.8 0.2 1.3 0.3 1.9 - 2.0
Table 18. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of the bodies and outer ‘wraps’ of the crucibles from Zwickau. In the bottom rows, the 
composition of other crucibles discussed in this thesis is given for comparison (data for Zwickau 
samples from Martindn-Torres and Rehren 2002; note that Na20  was not measured due to the 
line overlap between the Zn La and the Na Ka lines, and that the figures given were re­
normalised after neglecting contamination by ZnO, CuO and PbO).
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1mm 1 1mm
Figure 175. Left, fabric of one of the crucible lids from Zwickau, tempered with quartz grains 
(Z-29/319/s2, BSE, 50x). Right, interface between the body of a triangular crucible (top), and the 
outer, much more vitrified, ceramic layer (Z-29/317/sl, BSE, 50x).
9.3.2. Cripplegate Buildings (London, United Kingdom)
The technical remains from  Cripplegate conta in  crucibles that could n o t be 
ascribed to  either o f  the m ajor ‘b rig h t’ o r ‘dark ’ categories defined in  the previous
chapters, together w ith  o ther vessels that were positive ly iden tified  as ‘b rig h t Hessian’
(see section 8.3.1).
O ne o f  them  (W F G  18/114) is a 
triangular crucib le, bu ff-co lou red , w ith  a 
sm ooth  fin ish  bu t show ing clear 
ho rizon ta l striations fro m  its
m anufacture on the wheel. The r im  is 
~ 70  m m  w ide, and the w a ll has a 
thickness o f  ~ 4  m m  (fig. 176). X R F  
analyses showed low  signals o f  zinc, 
copper and lead (Bayley 2003: 2), bu t this 
contam ination  was no t detected by SEM - 
ED S. The vessel has no visib le traces o f  
high-temperature reactions. T he  paste shows no v itr ifica tio n , and the layered texture o f  
the clay minerals is clearly noticeable (fig. 178). I t  contains a variety o f  subangular to  
spherical m inera l inclusions, inc lud ing  quartz, hornblende and o ther silicates, as w ell as 
zircon, ilm en ite  and ru tile  (fig. 177). C om positiona lly, the ceramic m atrix  exhibits a high 
alumina concentration, com bined w ith  lo w  alkali, earth alkali and iro n  oxide levels
Figure 176. Inner surface of the triangular 
crucible WFG 18/114 from Cripplegate. Note 
the smooth finish and the marks from turning 
on the wheel.
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(Table 19). In  this sense, i t  may be 
considered a suitable raw material fo r 
crucibles, being o f  su ffic ien t therm al and 
chemical refractoriness. H ow ever, ow ing 
to  the low  temperature pre firing , the 
vessel may have lacked the necessary 
tensile strength fo r ho ld ing  heavy metals, 
w hile  the lack o f  v itr ifica tio n  w ou ld  have 
resulted in  a lim ited  imperviousness.
70pm
Figure 178. Image of the ceramic matrix under 
high magnification, showing the lack of 
vitrification indicating a relatively low 
temperature prefiring (W FG  18/114/sl, SE, 
800x).
Figure 177. Two views of the same area of the ceramic fabric of the crucible, showing the variety 
of mineral inclusions and the low vitrification of the ceramic matrix (W FG  18/114/sl, left XPL, 
50x, long axis represents ~2 mm; right, BSE, 50x).
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Na20 MgO a i20 3 Si02 p2o 5 K20 CaO T i0 2 MnO FeO
Zwickau big - 0 . 8 1 7 . 9 6 7 . 0 0 . 4 2 . 1 0 . 9 2 . 9 0 . 1 7 . 9
Zwickau lid - 0 . 4 2 4 . 4 6 6 . 1 0 . 4 1 . 5 0 . 3 4 . 0 < 0 . 1 2 . 8
Zwickau triangular - 0 . 4 2 4 . 1 6 4 . 4 0 . 4 1 . 8 0 . 5 4 . 1 < 0 . 1 4 . 3
WFG 118/114 0 . 8 0 . 9 2 4 . 4 6 7 . 7 0 . 4 2 . 1 0 . 7 1 . 4 - 1 . 7
WFG 118/107 0 . 2 0 . 2 1 7 . 9 7 7 . 8 0 . 1 1 . 2 0 . 4 1 . 2 - 1 . 0
WFG 118/121 0 . 3 1 . 2 2 2 . 6 6 6 . 1 0 . 1 4.3 0 . 5 1 . 0 - 3 . 8
London 25836 - 1 . 2 2 6 . 4 5 9 . 6 0 . 8 3 . 4 2 . 3 0 . 8 - 4 . 5
London 25837 0 . 8 0 . 6 2 8 . 4 6 1 . 2 0 . 9 1 . 7 2 . 0 1 . 0 - 3 . 3
London 25838 - 1 . 1 2 4 . 8 6 4 . 9 - 3 . 0 0 . 6 1 . 1 - 3 . 9
London 25839 - 1 . 4 2 2 . 2 6 6 . 0 - 2 . 5 1 . 2 0 . 7 - 4 . 6
London 25840 - 1 . 2 2 5 . 2 6 1 . 7 0 . 6 2 . 5 1 . 4 0 . 7 - 5 . 5
London 25841 - 0 . 9 2 5 . 3 6 6 . 7 - 2 . 5 1 . 3 0 . 8 - 2 . 1
London 25849 - 1 . 1 2 6 . 0 6 5 . 6 - 3 . 2 0 . 4 0 . 9 - 2 . 4
WeyerstraBe D-94/4 0 . 5 0 . 5 2 5 . 3 6 5 . 6 0 . 5 3 . 0 0 . 8 1 . 7 - 2 . 1
Oberstockstall mean 0 . 2 0 . 7 3 2 . 4 5 7 . 3 0 . 3 2.1 0 . 7 1 . 3 - 5 . 0
Obernzell OBZL 01 1 . 1 1 . 0 2 7 . 7 5 8 . 3 0 . 4 2 . 5 0 . 9 1 . 2 - 6 . 9
Oxford OX 1422 0 . 3 0 . 8 2 8 . 9 55.5 0 . 2 2 . 6 0 . 9 1 . 4 - 9 . 3
Hesse mean 0 . 1 0 . 5 3 6 . 9 5 6 . 8 0 . 2 1 . 3 0 . 3 1 . 9 - 2 . 0
Table 19. Average chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic 
matrices of the different crucible samples discussed in this chapter. The composition of medieval 
crucibles from London, and that of other crucibles discussed in this thesis, is given for 
comparison (data for London crucibles from Freestone and Tite 1986: 42). Note that the figures 
given for W FG 118/107 and D-94/4 were re-normalised omitting, respectively, 0.7 w t%  ZnO and 
0.5 %  Cl.
The next ceram ic sample fro m  
Cripplegate was rem oved fro m  a vessel that 
does n o t show any evidence o f  high- 
tem perature use o r metal contam ination. 
U n like  the triangular vessel discussed above, 
its shape is n o t diagnostic enough as to 
ascertain w hether i t  actually constitutes a 
crucible. I t  is a small, w heel-throw n, 
subcylindrica l vessel, about 40 m m  in
diam eter and slighdy opening towards the
top (fig. 179). The considerable thickness o f  the body (~7 m m ), however, suggests that
it  may constitute a technical ware. The  paste shows a b u f f  co lou r that becomes b righ t
Figure 179. Sample W FG  18/121 from 
Cripplegate.
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brow n on the outer surface as a result o f  an oxid is ing firing . T w o  features o f  the fabric 
are the m ost prom inent: on the one hand, its fine-grained texture; on  the o ther hand, 
the complete lack o f  v itr if ica tio n  (fig. 180). Silicate inclusions are extrem ely abundant 
(50-60 vo l% ), bu t the ir diameter rarely exceeds 100 pm . These m osdy consist o f  quartz, 
together w ith  a few feldspars. M inuscule ilm en ite  and ru tile  particles are also present. 
The chemical com position o f  the clay m atrix  is comparable to  that o f  the previous 
crucible (Table 19), contrasting to  the d iffe ren t nature and abundance o f  the m ineral 
inclusions. In  its com position  and m icrostructure, this fabric appears analogous to  some 
medieval crucibles made in  London  (Freestone and T ite  1986; Bayley et al. 1991), 
therefore i t  may reasonably be assumed that i t  constitutes a loca l p roduc tion  as w e ll 
(Table 19).
600(jm
Figure 180. Two views of the ceramic fabric of the vessel. Note the fine-grained texture and the 
outstanding abundance of small quartz inclusions, as well as the lack of matrix vitrification 
(W FG 18/121/sl; left, BSE, 50x; right, SE, 800x).
The last specimen is one o f  tw o  sherds resem bling stoneware fabrics (W FG  
18/107), slighdy curved bu t too  fragm entary to  a llow  a reconstruction  o f  the orig ina l 
artefact’s shape (fig. 181). The outer surface is covered by a b righ t, black glassy layer, 
clearly secondary, w h ich  prevents an estimate o f  the o rig ina l surface fin ish. The paste is 
grey and very fine-grained, a lthough some b ig  inclusions are present. I t  contains —30 
vo l%  silt-sized quartz grains, and innum erab le m inuscule z ircon and ru tile  particles. 
Q uartz inclusions appear buck ling  as a result o f  the h igh temperatures, and the smallest 
ones are d issolving in  the fabric. Partly as a result o f  this, the com position  o f  the glassy 
phase shows com paratively h igh silica concentrations, even though bigger quartz grains 
were avoided during  analyses. The  ceram ic m atrix  shows continuous v itr ifica tio n , w ith  
fine to  m edium  voids (fig. 182). A  grainy, v itr if ie d , purp le  sediment covers the inner
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surface, although there is very little  in te rac tion  between 
this and the fabric. M icroscop ic  and S E M -E D S  
exam ination shows that this layer is enriched in  lime, 
potash and soda, w h ile  i t  contains abundant 
concentrations o f  copper oxide (~95  w t%  in  some 
phases), m ino r amounts o f  zinc oxide (< 3  w t% ), and 
discrete quartz inclusions (fig. 183).
The analogies between this specimen and some 
stoneware fabrics analysed by Freestone and T ite  (1997) 
suggest that this may constitu te  a fragm ent o f  a 
stoneware vessel that was re-used fo r  m etallurg ical 
purposes, taking advantage o f  the w e ll fired , th ick  and 
sturdy fabric. The com position  o f  the inne r layer may 
constitute a m ixture  o f  an existing alkali glaze w ith  
m etallic residues, although this cannot be con firm ed .
Figure 181. Inner surface 
(top) and section (bottom) of 
the sample W FG 18/107. Note 
the presence of a dense, 
vitrified layer adhering to the 
inner surface.
Figure 182. Ceramic fabric of the stoneware ceramic used for metallurgical purposes. Left, note 
the very small size of the quartz inclusions, in spite of the relatively high magnification of the 
image. Right, detail of the vitrification of the ceramic matrix, showing fine to medium voids and 
the melting of quartz grains (W FG  118/107/s2; left, BSE, lOOx; right, SE, 800x).
600^m
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Figure 183. Detail of the interface between 
the inner sediment (top) and the ceramic 
body. The large white particle is a quartz 
grain, the green phases are primarily copper 
carbonate, and the translucent matrix is 
richer in alkali elements and contains traces 
of zinc oxide. Note the neat interface with the 
ceramic fabric (W FG  118/107/s2, XPL, 50x, 
long axis represents ~2 mm). See Appendix 2 
for analytical details.
9.3.3. Weyerstralie, Cologne (North Rhine-Westphalia, Germany)
Previous analytical w o rk  on the remains o f  
the Renaissance go ldsm ith ’s w orkshop  fro m  
WeyerstraBe had concentrated on the residues o f  use 
(Rehren 1996a; Rehren 1996b). Fo r the present 
w ork, the only sample o f  technical ceram ic that 
could be obtained was a m ounted  specimen 
com prising a section through a r im  w ith  adhering 
lute. G iven its incompleteness, an estimate o f  the 
orig ina l shape o f  the artefact is n o t feasible (fig. 184).
The fabric o f  D -9 4 /4 consists o f  a grey, fine ­
grained, very com pact m atrix , con ta in ing  abundant 
(~30 w t% ) and generally large (0.5-1 m m ) m inera l 
inclusions. These are m osdy quartz grains, b u t also feldspar and iro n  oxide minerals are 
present, together w ith  sm aller ru tile  and zircon. The paste shows shrinkage cracks across 
the body and on ly  in itia l v itr if ica tio n , w ith  no m e lting  minerals. Th is indicates a
Figure 184. Top view of a 
triangular crucible from 
WeyerstraBe. Note that the 
specimen discussed in the text is 
not necessarily from a vessel like 
this (photo Thilo Rehren).
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relatively low  temperature fo r  fir in g  and use (fig. 185). Its chemical com position  
resembles that o f  the London  crucibles, although w ith  a slightly higher titania 
concentration (Table 19).
The lute adhering to  the outer surface and the tip  o f  the r im  presents a feature 
that is n o t easy to  interpret: i t  contains several p rills  o f  pure m etallic lead. Clearly, as this 
metal oxidised, i t  reacted w ith  the ceramic m atrix  to  fo rm  a lead silicate glass. There is a 
surprisingly clean interface between this glassy lute and the m ain body o f  the vessel, 
suggesting that the lead form ed part o f  the lute before i t  was smeared on the m ain 
artefact, perhaps in  a deliberate attem pt to  foster its v itr if ic a tio n  (fig. 186). A  plausib ly 
sim ilar practice may be that recorded by A grico la  (1558: 133-134) w hen describing brass 
m aking techniques, and observing the m ix ing  o f  ferri squama [ham m er scale?, poten tia lly  
a strong flux fo r silica-rich materials] w ith  the clay to  be used as external lute (cf. 
M artinon-Torres and Rehren 2002).
Figure 185. Ceramic fabric of the technical ceramic. Left, note the abundance and large size of 
the inclusions. Right, detail of the ceramic matrix showing very limited vitrification (D-94/4/sl; 
left, BSE, 50x; right, SE, 800x)
Figure 186. Detail of the interface between 
the main ceramic body (left) and the outer 
lute layer. Note the lack of chemical 
interaction between the two, and the glassy 
condition of the lute, mostly consisting of lead 
silicate (D-94/4/sl, PL, 50x, long axis 
represents ~ 2  mm).
S O  ig  - aaggg
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9.4. Summary
E ven though the m arket o f techn ica l ceram ics in  the Renaissance was dom inated 
by the b rig h t crucibles fro m  Hesse and the dark crucib les fro m  Bavaria and surround ing  
regions, these productions co-existed w ith  vessels m anufactured at a m uch sm aller scale, 
possib ly loca lly and, in  some cases, by the users them selves. A lte rn a tive  crucib les were 
made even in  regions near the m ost fam ous G erm an producers.
D iffe re n t authors re fe r to  a varie ty o f  p ro d u c tio n  centres o r suitable clay 
deposits fa m ilia r to  them , and w ritte n  in fo rm a tio n  also re flects tha t the sm all-scale 
m anufacture o f technical ceramics d id  n o t decline over tim e, in  spite o f the expansion o f 
the m ore established industries. In te resting ly , some sources im p ly  the specia lisation o f  
some centres in  the p roduction  o f crucibles fo r specific  pyro techno log ica l activ ities such 
as brass m aking o r co in  m in ting .
The archaeological and analytical study illustra tes loca lly  produced vessels w hose 
design was adapted to  th e ir specific u tilisa tio n , as was the case fo r brass m aking and 
brass m e lting  crucibles. In  general term s, i t  seems th a t these techn ica l ceram ics were 
made o f a considerably re fracto ry clay, tem pered w ith  sand and fire d  to  com parative ly 
low  tem peratures, probab ly n o t exceeding 850 °C , i.e. the range o f  fir in g  tem peratures o f 
m ost dom estic po tte ry  at th is tim e. The chem ical com pos ition  o f  some ceram ic 
m atrices, how ever, w ith  alum ina levels be low  20 w t% , ind ica ted  a m ore lim ite d  heat 
resistance. I t  is like ly  tha t these crucib le  m akers resorted to  raw  m ateria ls available 
nearby, w h ich  w ou ld  generally present s u ffic ie n t m ateria l p roperties. In  th is  sense, they 
w ou ld  be con tinu ing  the earlier m edieval tra d itio n  o f  e xp lo itin g  loca l resources fo r the 
p roduction  o f m eta llurg ica l ceram ics. E ven i f  the techn ica l qua lity  o f  these crucib les may 
be seen as generally acceptable — p ro v id e d  th a t they were n o t subjected to  extrem e 
cond itions o f use - ,  the clays em ployed w ere p robab ly  w ith in  the same range as used fo r 
p roducing ord inary po tte ry , as has been show n fo r the case o f  m edieval crucibles fro m  
E ngland (Freestone and T ite  1986; Freestone 1989; Bayley et al. 1991), whose 
com position  resembles closely th a t o f  som e vessels studied here.
In  C ripplegate, Hessian wares w ere used alongside a lte rnative , possib ly loca l, 
crucibles, and possib ly recycled ceram ic containers such as stoneware vessels. The 
resu lting  im pression is th a t o f  craftsm en m axim is ing  the available resources, maybe 
o p tin g  fo r d iffe re n t raw  m ateria ls and too ls  at d iffe re n t tim es. The p o te n tia l reasons 
beh ind  those choices w ill be addressed in  the next chapter.
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10. The production and consumption of crucibles in the 
post-medieval world: a global perspective__________
“The trouble with facts is that there are so many o f them.” 
Samuel McChord Crothers (1857-1927)
“I f  you choose not to decide -  you still have made a 
choice!”
Neil Peart (1952-1997)
“The individual choice o f garnishment o f a burger can be 
an important point to the consumer in this day when 
individualism is an increasingly important thing to 
people.”
Donald N. Smith, president of Burger King (2 0 0 3 )
10.1. Introduction
The in fo rm a tio n  collected up to  th is p o in t has a llow ed the id e n tific a tio n  o f  tw o  
m ain m anufacturers o f technical ceramics in  Renaissance and la te r E urope, whose 
products were traded across the con tinen t and beyond (cf. M a rtin o n -T o rre s  and Rehren 
2004c) (fig . 187). D a rk and b rig h t crucib les were d iffe re n t in  th e ir o rig ins and design, 
b u t they served s im ila r purposes w ith  generally equ iva lent techn ica l perform ance. They 
probab ly com peted in  the m arket w ith  each o the r, as w e ll as w ith  sm aller-scale 
p roductions. So far, the focus o f the thesis has been the characterisation o f  the fo rm a l 
and m ateria l properties, alongside the perfo rm ance characteristics, o f the various 
crucib le types. In  each case, add itiona l observations have been made regarding the 
m anufacturing process, the choices m ade by producers and consum ers, the geographic 
and operative span o f the various wares, and the pe rcep tion  o f raw  m aterials and end 
products by the d iffe re n t agents in vo lved .
N o w  i t  is tim e fo r a m ore com prehensive view . T h is  chapter presents a broader 
p ic tu re  o f the p ro d u c tio n  and consum ption  o f  crucib les, w here a larger num ber o f 
variables are considered com para tive ly fo r the d iffe re n t types o f vessels. In  the firs t 
section, the process o f cruc ib le  m anufacture w ill be addressed in  a sequential fashion, as 
a chaine operatoire th a t starts w ith  the  se lection o f raw  m aterials and reaches a cruc ia l p o in t 
w hen the p ro d u c t is ready to  be sold. D iffe re n t ways o f  m aking crucibles w ill be 
discussed by system atically con trasting  w ritte n , archaeological and analytical
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in fo rm ation . In  the second section, an a ttem pt w ill be made to  explore the reasons tha t 
m igh t lead to  the choice o f  a particu lar crucible type in  a given context. N o tw iths tand ing  
the structure o f  this chapter, p roduction  and consum ption  w ill necessarily be seen as 
tw o  sides o f  an adaptive and recursive negotia tion taking place in  specific social and 
cu ltura l arenas (cf. Cum berpatch 1997b; S illar 2000b: 8-13). F inally, on  the basis o f  this 
com plex historical, social and technological background, an attem pt w ill be made at 
determ ining w hy the m ost renowned crucible p roduc tion  centres achieved the ir success. 
F rom  an epistemological perspective, the ro le o f  perception and nonverba l cogn ition  in  
the study o f  human choice w ill become apparent.
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Figure 187. Geographic distribution of the archaeological crucibles discussed in this thesis, 
with an indication of their attribution. Orange circles denote Hessian, black ones are Bavarian, 
and green ones are ‘alternative productions’. Bigger circles are production centres. Note that 
the circle for Trondheim (Norway) should be further to the North, outside the area covered by 
this map (after Shepherd 1923, modified).
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A n  im p o rta n t d im ension to  be considered in  a w id e r perspective o f  the 
p roduction  and consum ption o f  crucibles is the in s titu tio n a l and geographic channels o f  
transport and trade o f  these com m odities across post-m edieva l E urope and beyond. 
T h is may be in fo rm a tive  o f  the re lations am ongst d iffe re n t spheres o f  techno logy and 
the broader social and econom ic im p lica tions o f  th is  trade, w h ile  it  also con tribu tes to  
explain the in te rna tiona l success o f some m anufactures. H ow ever, such a com plex to p ic  
deserves dedicated research on its ow n m e rit and cannot be addressed w ith in  the  
constraints o f th is  P hD  pro ject.
10.2. Perception and choices in the production of crucibles
10.2.1. Clay selection
The life -h is to ry  o f a crucib le  starts w ith  the selection o f  suitable clay. Several 
w ritte n  sources cited in  previous chapters po in ted  to  specific  clay deposits p re fe rred  fo r 
crucib le m aking. A  related question is how  d iffe re n t clays were perceived, categorised 
and iden tified . In  his De natura fossilium, A gnco la  in troduces the discussion o f  clay types 
no tin g  tha t the choice o f clays has to  be m ade in  accordance w ith  the expected 
em ploym ent, such as grow ing  plants, p reparing  pa ints o r m aking  pots — i.e. bearing in  
m ind  d iffe rin g  perform ance characteristics. N onetheless, he also w arns tha t these 
categories are n o t clear-cut. The m ain features used to  discern clays are co lou r, texture , 
p lastic ity, taste and sm ell (Fraustadt and Prescher 1958: 44-45). N o  m en tio n  is made o f 
the nature o f the inclusions w ith in  the clay, w h ich  supports the idea raised above tha t, at 
least fo r some tim e, the presence o f g raph ite  flakes m ay n o t have been a leading fac to r 
in  selecting g raph itic  clays. A cco rd ing  to  d iffe re n t authors, seem ingly appropria te  clay 
colours are those ranging fro m  w h itish  o r ye llo w  th ro u g h  grey to  b lue (e.g. G lauber 
1651: 314; Sisco and Sm ith 1949: 111; Sisco and S m ith  1951: 24; F raustadt and Prescher 
1958: 52-53; H aw thorne and S m ith  1979: 96; S m ith  and G n u d i 1990: 391). I t  is w o rth  
n o tin g  tha t orange, b row n  and redd ish  shades, generally rich e r in  iro n  oxide, are n o t 
included. H ow ever, fro m  the analysis o f  end products i t  is d iffic u lt to  in fe r the o rig ina l 
co lou r o f  the clay used, the re fo re  the study o f  archaeological crucib les has little  to  add 
to  th is po in t.
A lo n g  w ith  the conside ra tion  o f  how clays were singled ou t, another pe rtinen t 
question is why they were selected. A  very im p o rta n t requirem ent seems to  have been
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therm al s tab ility , as acknow ledged by several authors (e.g. Sisco and S m ith  1951: 180; 
Fraustadt and Prescher 1958: 52; S m ith and G n u d i 1990: 128). Thom as N o rto n  (1652: 
95) puts it  apdy: “ B u t m anie Claies w o ll leape in  F ier, /  Such fo r Vessells doe n o t 
desire” . T h is concern w ith  the therm al re fractoriness o f the crucib les, w ide ly 
conspicuous in  w ritte n  sources, som ewhat contrasts w ith  archaeological studies 
suggesting tha t the ava ilab ility  o f clays resistant to  h igh  tem peratures m ay n o t have been 
such a b ig  constra in t, given tha t the m a jo rity  o f the crucib les used since Rom an tim es 
appear stable up to  1200 °C (Freestone and T ite  1986; Bayley et al. 1991; Jackson et al. 
2003). The analyses carried o u t fo r th is thesis show  th a t the m ost successful crucib les 
were inva riab ly  very rich  in  alum ina — hence very re fra c to ry  —, b u t the  a lte rnative  
p roductions were generally heat resistant as w e ll, even i f  n o t as m uch. T h is  apparent 
paradox may be related to  the consum ption, use and perform ance o f  the vessels, and it  
w ill be discussed la ter in  th is chapter.
10.2.2. Paste preparation
H aving collected the clay, the next step w o u ld  be p reparing  the paste. T h is  m ig h t 
in vo lve  a re fin in g  stage as w e ll as the m ix in g  o f the  clay m a trix  w ith  tem per. B iringucc io  
advises tha t the clay “ be w e ll freed fro m  sm all stones and beaten w e ll”  (S m ith and 
G nud i 1990: 391). I t  was shown above how  the crucib les fro m  O berstocksta ll ind ica ted  
tha t the raw  m ateria l was probab ly levigated so th a t coarser fabrics w ere reserved fo r 
increasingly larger crucibles. A lso  the clay used fo r Hessian crucib les was ro u tin e ly  
refined.
T w o tem pering m aterials appear recurrendy in  the textua l sources: on  the one 
hand, sand o r crushed quartz; on  the o th e r hand, grog. F rom  the 12th century at least, 
d iffe re n t authors m ention  e ithe r o f the  tw o  op tio n s , o r b o th  o f them  (e.g. g rog in  
G lauber 1651: 315; N o rto n  1652: 95; Sisco and S m ith  1949: 111; H o o ve r and H oove r 
1950: 230; W y ck o ff 1967: 51 and 230; H aw tho rne  and S m ith  1979: 142; and sand in  
Sisco and S m ith 1949: 111; Sisco and S m ith  1951: 24). B o th  practices are docum ented 
archaeologically, w ith  grog present in  some o f  the scorifie rs and o the r wares fro m  
O berstocksta ll, as w e ll as in  one o f the Hessian crucib les found  in  Jam estown, and 
quartz sand p reva iling  in  m ost o f  the o th e r techn ica l ceram ics. The co-existence o f  bo th  
recipes has also been recorded in  late m edieval crucib les fou n d  in  B rita in  (Freestone and 
T ite  1986), G erm any and France (M a rtinon -T o rres  2001). Freestone and T ite  (1986: 58)
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noticed a general increase in  the m axim um  crucib le  size tak ing  place fro m  the 14th 
century, and hypothesised tha t th is m ig h t be related to  the im provem en t in  the m ateria l 
properties o f the pastes stem m ing fro m  the in tro d u c tio n  o f  grog tem pering. A fte r the 
analysis o f a w ide range o f post-m edieval techn ica l ceram ics, i t  now  seems th a t the use 
° f  grog was rather lim ite d . G rog  tem pering m ay have been m ore labou r consum ing, 
pa rticu la rly  as crucib le  m aking became a specialised jo b . I f  the crucib les were made by 
the users themselves, then these w ou ld  p robab ly  have b roken  crucib les at hand tha t 
cou ld  easily be turned in to  grog -  a lthough tak ing  care o f  n o t in c lu d in g  slag o r o the r 
flu x in g  elements in  the fab ric  o f new vessels. I f ,  instead, crucib les were m anufactured by 
specialised potters at a larger scale, the a tta inm ent o f g rog  w o u ld  requ ire  e ithe r
processing wasters, lia is ing  w ith  the users to  ob ta in  th e ir discarded vessels, o r its
a rtific ia l p roduction  by firin g  and crushing b ricks, as described in  some o f the  sources. 
In  the la tte r case, the use o f sand tem per w o u ld  have seemed m ore cost-e ffective . A  way 
o f, to  some extent, overcom ing the lack o f h ig h -fire d  grog in  the crucib le  fab ric  may 
have been a h igh-tem perature p re firin g  fo r the w ho le  crucib le  (see be low ). O ve ra ll, it  
seems tha t the divergence in  the m ateria l p roperties betw een grog- o r sand-tem pered 
crucibles w ou ld  n o t have been dram atic, and the choice o f  e ithe r o p tio n  m ay have been 
led by ad hoc factors. The example o f the use o f g rog  as a way o f saving sand was already
m entioned (section 6.3.2). A  d iffe re n t yet illu s tra tiv e  instance w o u ld  be tha t o f the
crucibles fro m  R io de Janeiro, where grog  was used as a strategy fo r  recycling  the scarce 
and expensive g raph itic  fabrics (section 7.3.3). In  any case, i t  shou ld  n o t be fo rg o tte n  
tha t there are ‘one hundred ways to  skin  a cat’ (S illa r and T ite  2000), and o fte n  crucib les 
may have been made sim ply fo llo w in g  a kn o w n  procedure  w ith o u t question ing i t  (cf. 
Lem onnier 1986: 165), o r perhaps fo llo w in g  specific  requests by the custom ers.
A n  in teresting  recipe fo r hom e-m ade crucib les is g iven by the 17th-century 
chym ist G abrie l Plattes. In  an exam ple o f  the resourcefulness o fte n  requ ired in  a 
labora tory, he suggests the use o f crushed ‘F landers jugs’, perhaps stoneware, as grog, 
together w ith  o ther raw  m aterials:
“ Take rig h t ¥  landers Iugges, such as they usually p u t B ottle -B eere in , beate them  
to  fine  pow der, and searce them  fin e  as M eale: Take o f th is  meale fo u r pound, 
o f  the fine  pow der o f Tobacco p ipe  C lay one pound , tem per them  together w ith  
the red fa ttish  w ater th a t issueth o u t o f  an H orse D u n g -h ill, beate i t  s trong ly
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upon a broad board w ith  a R ow ling -p in , t i l l  i t  be s tiffe  Paste, then fash ion your
Pots upon a peece o f w ood, tu rned  like  a T oppe .”  (P lattes 1639: 19).
The use o f crushed graphite as tem per is n o t recorded u n til the late 18th century 
(see section 7.2). O the r tem pering m aterials are m entioned in  some sources, a lthough 
they have n o t been id e n tifie d  archaeologically. O f pa rticu la r in te rest appears the ferri 
squama ind icated by A grico la  and m entioned above (section 9.3.3). A lo n g  s im ila r lines, 
B iringuccio  states tha t the clay used fo r crucib le  m aking  shou ld  be m ixed w ith  “ an 
e ighth pa rt o f fine ly  ground and sifted  iro n  scale, and also some young ram ’s-hom  
ashes”  (Sm ith and G nud i 1990: 391). I f  these suggestions tru th fu lly  re fle c t com m on 
practice, they can on ly be technically ju s tifie d  as an a ttem pt to  foste r the v itr ific a tio n  o f 
the paste du ring  firin g , in  a process s im ila r to  th a t occu rring  w ith  the feldspars m e lting  
w ith in  the fabrics o f the crucibles in  O berstocksta ll (section 6.2.2), o r th a t de liberate ly 
pursued by John D w ig h t w hen adding crushed glass to  the clay m ix  (Freestone 1991). 
H ow ever, the add ition  o f iro n  to  the paste w o u ld  seem at odds w ith  the pu rpose fu l 
avoidance o f red, i.e. iro n -rich , clays, noted above.
Once tem pered, the paste w ou ld  be w e ll kneaded and th o ro u g h ly  hom ogenised, 
a process know n to  require several days, at least in  the case o f Hessian wares (Stephan 
1995: 22). The next step w ou ld  be the fo rm in g  o f the  crucib le .
10.2.3. Crucible forming, drying and firing
W hen it  comes to  the fo rm in g  techniques, a s ig n ifica n t co n tra d ic tio n  is patent 
between h is to rica l and archaeological in fo rm a tio n . O u t o f a ll the 16th-century w ritte n  
sources consulted, on ly B iringucc io  refers to  the fa b rica tio n  o f the vessels on  a p o tte r’s 
wheel, “ just as plates are m ade”  (S m ith  and G n u d i 1990: 391). C onversely, the 
Probierbiichlein, A g tico la  and E rcke r describe the fo rm in g  o f  crucib les and scorifie rs using 
w ood  o r brass m oulds (Sisco and S m ith  1949: 111; H o o ve r and H o o ve r 1950: 230-231; 
Sisco and Sm ith 1951: 25, 180 and 204) (figs. 188-189). The  p ic tu re  obta ined fro m  
archaeological sources is d iffe re n t, in  th a t m ost o f  the crucib les and scorifie rs exam ined 
show clear signs o f w heel th ro w in g  such as ro ta tio n  m arks on the base o r h o ri2on ta l 
s ttia tions on the body. In  th is  sense, w e cou ld  con jecture  th a t m ost Renaissance treatise 
w rite rs described crucib le  m aking  in  m oulds because th is  is w hat they saw in  
m eta llu rg ica l w orkshops, in  the  absence o f specialised potte rs. In  la te r w ritte n  sources 
(Plattes 1639: 19; G atte re r 1790, as c ited  in  Stephan 1995: 23), the use o f  the wheel
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seems the com m on practice, w h ich  may 
be related to  the specialisation and the 
increase in  the scale o f the p roduction  o f 
techn ica l ceramics, since w heel th ro w in g  
w ou ld  a llow  a m uch faster m anufacture.
Nonetheless, a H ^-ce n tu ry  advocate o f 
dom estic crucib le  m aking, Johann 
G lauber (1651: 315 ff), states tha t
crucibles “ cannot be fo rm ed by the usual 
a rt o f the po tte rs” , b u t should be 
care fu lly shaped on very sm ooth m oulds.
T h is instance provides yet another 
com pelling  example o f the pertinence o f 
com bin ing  a ll the available sources o f 
in fo rm a tio n  i f  m ore accurate reconstructions o f past technologies are to  be achieved.
A fte r prim ary fo rm in g  and subsequently fin a lis in g  the shape — fo r exam ple 
fo ld in g  the rim  in to  a triangu lar plan —, the vessels w o u ld  be le ft to  dry. In  the 18th- 
century descrip tion  o f crucib le  m anufacture recorded in  Hesse and m entioned above 
(section 8.2), the im portance o f th is stage appeared em phasised to  such an extent tha t, 
in  try in g  to  avoid unw anted m oisture, crucib les w ere p rim a rily  m ade du ring  the sum m er 
season. A n o th e r author appears less exigent, and sim p ly advises to  “ set them  [the 
crucibles] to  drye in  your C him ney C orner a day o r tw o ”  (P lattes 1639: 19). G lauber 
(1651: 316) recom m ends drying  the crucib les “ firs t in  the aire, then by the heat o f  the 
fire , o r fum ” . I t  w ou ld  be a fte r some d ry ing  th a t the  crucib les cou ld  be tu rned up-side- 
dow n fo r stam ping. In  the case o f the dark vessels, th is  w o u ld  p robab ly be the m om ent 
o f w ip ing  them  in  order to  ensure a sm ooth  and lustrous fin is h 37.
37 According to 1 ^ -sources, however, this effect was achieved by applying a graphite mash and rubbing 
the crucible surface after firing (Bauer 1983: 33) — which stresses the importance o f appearance, perhaps 
as an inheritance o f  earlier times (see section 6.2.3).
Figure 188. Mould and press for making 
crucibles, according to Lazarus Ercker (Sisco 
and Smith 1951: 181, fig. 26). A: The lower part 
of the wooden mould; B: The entire mould, 
showing the crucible shaped under the press; 
C: Iron hoop; D: Finished crucible.
265
Marcos Martin6n-Torres 10. The production and consumption of crucibles
D iffe re n t procedures cou ld  be fo llo w e d  in
order to  fire  the crucibles. T h is  stage o f  the chaine may
have constitu ted  a decisive — yet underresearched —
fa c to r a ffec ting  the fo rm a l and m ateria l p roperties o f
the vessels and, by extension, th e ir percep tion ,
consum ption and perform ance. A cco rd in g  to
B iringucc io , crucib les cou ld  be “ baked in  furnaces like
pots o r o the r vessels”  (S m ith and G n u d i 1990: 391).
Th is cou ld  w e ll be the case o f  the ‘a lte rna tive ’
crucibles found  in  L o n d o n  and C ologne discussed
above, w h ich  show  no o r very lim ite d  v itr ific a tio n . In
th is, they are analogous to  earlier crucib les, fo r w h ich
a lin k  between crucib le  m anufacture and the
established p o tte ry  industry  may be suggested
(Freestone and T ite  1986: 50; Freestone 1989: 159).
Im aginably, w hen crucib les were made by the users
them selves, they w o u ld  be fire d  d irecdy in  the
m eta llu rg ica l, assaying o r ‘ph ilo so p h ica l’ furnace.
G abrie l P lattes describes a process w hereby the
previously u n fire d  vessels are placed in  the furnace
on ly w hen you  need to  use them , b u t you  “ set them
j  r  m  th e at the  fifs t k in d lin g : and so le t the F ireFigure 189. Mould and pestle for &
making crucibles, as depicted by steale upon  them  t i l l  they be red ho t: [o n ly l then p u t 
Johann Glauber (1651: 317). r
in  you r M etde and ingred ien ts”  (P lattes 1639: 19-20;
see also G lauber 1651: 316).
F ina lly, and in  stark contrast, the m anufacture  o f b o th  the fam ous Bavarian and 
Hessian crucibles invo lve d  the use o f  specialised fir in g  techniques. F o r the dark 
crucibles, th is invo lved  a m oderate ly reducing  fir in g  and cu lm inated by choking  the k iln  
w ith  organic m ateria l in  o rde r to  p roduce the desired b lack lustre . In  Hesse, large, 
purpose-m ade k ilns were used to  fire  the vessels in  extrem ely h o t and ox id is ing  
cond itions, perhaps b o rro w in g  a technique used fo r stoneware38. M oreover, i t  does n o t
38 The early connection between stoneware and crucible firing techniques remains to be further 
investigated. In  the 17th century, this connection is suggested by Glauber (1651: 313-317) and even 
illustrated by Dwight, who manufactured both stoneware and technical ceramics (Green 1999).
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seem co inciden ta l tha t these are recu rren tiy  the crucib les show ing h igher fir in g  
tem peratures. In  spite o f th e ir superior re fractoriness, the v itr ific a tio n  observed in  the 
samples o f unused vessels fro m  b o th  O berstocksta ll and Hesse is in va riab ly  greater than 
tha t o f o ther crucibles — advanced in itia l to  extensive in  those fro m  O berstocksta ll, and 
com plete v itr ific a tio n  in  the Hessian ones (see below ).
In  the author’s view , those vessels w h ich  w ere ca re fu lly  h ig h -fire d  in  the crucib le  
m aker’s k iln  may have been less like ly  to  crack w hen re-heated in  the furnace. 
Furtherm ore, a m ore v itr ifie d  ceram ic m a trix  w o u ld  be m ore im perv ious, hence ho ld in g  
liqu ids m ore e ffic iendy b u t also o ffe rin g  m ore resistance to  co rrosion . A n  add ition a l 
advantage w ou ld  have been a h igher tensile strength. A lleged ly, the technica l draw back 
m ig h t be a h igher britdeness, since the glassy m a trix  w o u ld  be m ore p rone  to  develop 
fissures upon therm al o r m echanical shock (K ilik o g lo u  et al. 1998; T ite  et al. 2001). 
Nonetheless, this flaw  cou ld  have been countered by the presence o f  tem per and o the r 
nonplastic inclusions tha t w ou ld  arrest and scatter lines o f  fractu re  befo re  they became 
catastrophic. U nfo rtuna te ly , at present we lack re levan t experim enta l and analytica l data 
to  co n firm  th is hypothesis. The m ost system atic studies on the m ateria l p roperties and 
behaviour o f d iffe re n t ceram ics under assorted stresses have concentrated on  o rd ina ry 
vessels such as cooking pots o r conta iners (K ilik o g lo u  et al. 1998; V ek in is  and 
K ilik o g lo u  1998; T ite  et al. 2001; T ite  and K ilik o g lo u  2002; K ilik o g lo u  and V ekin is  
2002). Technica l ceram ics, how ever, pose specific questions, fo r exam ple those de riv ing  
fro m  the fact tha t they w ou ld  frequently  be used a t tem peratures above those reached in  
the o rig ina l m anufacture, together w ith  the specific  chem ical and m echanical strains to  
w h ich  they w ou ld  be subjected.
Even i f  lacking supportive  experim enta l m easurem ents, th is  p ro p o s itio n , th a t is 
the decisive im portance o f a long , h igh  p re firin g , finds  suppo rt on  the experience-based 
observations o f a luc id  m ind  w ith  n o to rio u s  expertise in  m aking and using crucibles: 
Johann G lauber. C o n fro n tin g  the sightless b e lie f o f h is contem poraries, and even 
m odem  suppositions, G lauber played dow n  the ro le  o f renow ned clays and emphasised 
tha t the key to  a p ro fic ie n t cruc ib le  was a good, s trong , p re firin g . H e was b o ld  enough 
to  assert tha t anyone cou ld  m ake crucib les as good as the fam ous Hessian and Ipsian 
ones w ith o u t any need o f  Hessian o r Ips ian  clay, b u t p rov ided  th a t the m anufacture and 
the fir in g  were appropria te . Some o f  his statem ents deserve fu ll m ention:
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“ Chym ists have been in  a great e rro r a lo n g  tim e, and n o t on ly  they b u t also 
goldsm iths, and they tha t separate m etals, as also others th a t need the help o f  
crucibles, w ho perswade them selves th a t the best earth tha t is f it  to  make the 
best crucibles is to  be found  no w here b u t in  Hassia; and the re fo re  w ith  great 
charges have caused tha t G ibsensian crucib les be b ro u g h t over; n o t considering 
tha t alm ost in  every place in  G erm any such earth is to  be fou n d  [. . . ] .
B u t a lthough th is earth be b rough t fro m  thence to  o the r places, yet such strong  
crucibles cou ld  n o t be made the reo f, the  cause w h e re o f be ing n o t the 
co n s titu tio n  o f the aire, and place to  w h ich  some have fa ls ly im pu ted  it, b u t an 
e rro r in  the m aking and bu rn ing  o f them  [.. . ] .
B u t now  experience has taught us tha t any good earth  d o th  becom e stony in  a 
v io le n t fire , w ith o u t respect o f the place w here i t  is taken. W herefore  i t  is very 
probable, being a th ing  possible, tha t such vessels are made els where: fo r  every 
earth being b u rn t re ta in ing a w h ite  co lou r, vi%. w ith  an in d iffe re n t fire , makes 
pots, and crucibles porous, b u t w ith  a stronger, and w ith  a longer delay, com pact 
like  glasse [• ••]•”  (G lauber 1651: 313-314)
In  any case, we should no t fo rge t th a t a h igh  m anu factu ring  fir in g  w o u ld  also 
resu lt in  a crucib le  o ffe rin g  a be tte r ‘rin g ’, th a t is, the  em ission o f a longer, deeper sound 
w hen struck w ith  a finger nail. T h is  d irecdy lin ks  w ith  the pe rcep tion  o f the  crucib les in  
the m arket and, ideally, the achievem ent o f  the m ain goal o f the  crucib le  makers: th e ir 
purchase by the custom er.
10.3. Perception and choices in the consumption of crucibles
T w o o f the assemblages addressed in  th is  thesis, nam ely those fro m  the 
C ripplegate B uild ings and the O ld  A shm olean Labo ra to ry , con ta in  crucibles tha t were 
produced in  m ore than one loca tion . In  the case o f  C ripp legate , some o f  the technical 
ceram ics have been id e n tifie d  as H essian (section 8.3.1), w h ils t others seem to  have 
been produced loca lly  in  L o n d o n  (section 9.3). In  the O ld  A shm olean, m ost o f the 
crucibles were ascribed to  Hesse (section 8.3.1), b u t at least one came fro m  another 
producer: the g raph itic  cruc ib le  fro m  O bem ze ll (section 7.3.2). In  b o th  instances, the 
rem ains were fou n d  in  waste deposits whose contents, even i f  dum ped at once, may 
have been accum ulated over re la tive ly  lo n g  periods, there fo re  we cannot safely a ffirm
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tha t the crucibles fro m  diverse orig ins were be ing used sim ultaneously. T h is  suffices, 
nonetheless, to  ind icate tha t technica l ceram ics fro m  d iffe re n t m anufacturers reached, in  
some cases at least, identica l destinations. In  o th e r w ords, b rig h t, dark, and o the r 
crucibles con fron ted  each o the r in  the m arket and, possib ly, in  the labo ra to ry39. The 
archaeologist’s curios ity  is inevitab ly sparked o ff: on  w h ich  basis w o u ld  one crucib le  o r 
another be selected in  each case? W h ich  crite ria  w o u ld  be leading the choice?
I t  is n o t necessary to  stress tha t in  the past, like  in  the present, d iffe re n t people 
acquired and used the same item s w ith  diverse m o tiva tio n s , expectations and purposes. 
Since hum an decisions are u ltim a te ly  d irected by hum ans and th e ir circum stance, o u r 
on ly path to  understand past choices w ill be the investiga tio n  o f  the con tex t w here they 
were made. I t  fo llow s tha t on ly detailed analysis o f  case studies may serve as a basis to  
in te rp re t hum an in ten tions w hen choosing and using a p a rticu la r to o l. A  p re lim ina ry  
attem pt was perform ed w ith  the O berstocksta ll assemblage, try in g  to  relate the d iffe re n t 
tools and th e ir fabrics to  each other, to  d iffe rin g  traces o f  use and to  the w ide r 
archaeological, p o litica l, social and cu ltu ra l con text. The same cannot be attem pted fo r 
the o ther case studies w ith in  the fram ew ork o f a single P hD  p ro jec t. F o r the  tim e  being, 
how ever, it  is possible to  explore the various c rite ria  th a t m ay (o r may no t!) have been at 
stake w hen a given chym ist chose one cruc ib le  type o r another. E ven i f  n o t d e fin itive  
answers, th is g loba l perspective may p rov ide  a guide fo r fu tu re  w o rk .
T o  start w ith , one o f  the fo rem ost c rite ria  th a t m ay have app lied  is cost. 
Im ported  crucibles were probab ly m ore expensive than lo ca lly  made alternatives, and 
th is  explains a m eeting o f  the R oyal Society o f  A rts  in  L o n d o n , in  1755, seeking to  
p rom ote  the m anufacture o f crucib les fro m  B ritis h  m ateria ls (C o tte r 1992: 268). B efore 
acqu iring  o r using an expensive vessel, i t  w o u ld  have been reasonable to  estim ate the 
p ro fit (o r loss) to  be obtained — surely, a gunm eta l cau ld ron  w o u ld  n o t foreshadow  as 
m uch bene fit as the ph ilosopher’s stone, and its  p ro d u c tio n  w o u ld  hence a ttract lesser 
investm ent. P u t in  o the r w ords:
“ For n o t a ll &  every c ruc ib le  can alwayes and every w here be made equal, and be
o f a like  durableness in  the  fire , though  they are made m ost d iligendy: and
39 Against this supposition, it could be argued that alternative crucible types were available at different 
times, depending on specific junctures o f trade and supply. However, by the 16th century i f  not before, 
there are established international transport and commerce routes channelling, for example, stoneware. 
Thus it seems plausible that i f  a chymist working in London or O xford wanted to purchase, say, a Hessian 
crucible, this would be feasible.
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therefore a consideration being had o f  th e ir goodness they m ay be used fo r 
divers uses, and the better may be used in the melting of the better m etair (G lauber 1651: 
320, m y emphasis).
Related to  th is, the technica l requirem ents and expected perform ance cou ld  be 
considered. Here, issues such as previous experience, the repu ta tion  o f d iffe re n t 
p roductions, o r sim ply hab it o r transm itted  know ledge, w o u ld  p lay a ro le  (see below ). 
F o r exam ple, fro m  a m odem  u tilita ria n  v ie w p o in t, we cou ld  conjecture th a t a brass 
m aker w ou ld  require a lidded o r re la tive ly  closed crucib le , in  o rde r to  p reven t ‘co lo u r’ — 
i.e. 2in c  -  losses in  the fumes, w h ils t a chrysopoetic chym ist w o u ld  need an especially 
re fracto ry  vessel, given th e ir emphasis on p u rify in g  substances by heating and ca lc in ing  
them  to  the utm ost. A n  artisan conducting  reactions in vo lv in g  salts and fluxes, such as 
an ore assayer o r a ‘ph ilosoph ica l’ go ld  m aker, w o u ld  no rm a lly  be m ore concerned w ith  
the resistance o f the vessels to  chem ical attack than an o rd ina ry  copper-a lloy m e lte r and 
caster. I f  the crucibles were to  be used m any tim es, then s tu rd ie r, m ore w ear-resistant 
and non-absorbent fabrics w ou ld  be needed. A  late 18th-cen tury au thor, fo r instance, 
notes tha t black, Ipsian o r Passauer, crucib les, w ithstand  therm al shock be tte r and more 
often than Hessian wares (Beckm ann 1780, as c ited  in  Stephan 1995: 31; Beckm ann 1787, 
as cited in  Bauer 1976: 14-15). W ith  repeated uses, m icrocracks generated by steep 
tem perature changes w ou ld  expand u n til the  crucib le  fa iled . N evertheless, th is  w ou ld  
n o t be such a crucia l facto r i f  the vessels w ere to  be discarded a fte r the firs t use — fo r 
exam ple, to  prevent cross-contam ination in  m e ta llu rg ica l analysis. O n  the con tra ry, in  
Beckm ann’s op in ion , Hessian crucibles are m ore resistant to  co rro s io n  by “ m eta llic  
glasses” .
F o r certa in purposes, cruc ib le  users m ay have p re fe rred  to  persevere in  the use 
o f one vessel type in  order to  keep variables constan t in  th e ir experim ents, a n d /o r to  
stick to  the u tensil whose behaviour was kn ow n  and con tro lled . Thus the underly ing  
fa c to r w ou ld  be re p ro d u c ib ility  o r, to  use G lauber’s (1651: 320) te rm , “ certa in ty sake” , a 
concept inherent to  the deve lopm ent o f  m odem  science (N ew m an 2000; cf. P rincipe  
2000). T h is  p ro toco l is e x p lic it in  N o rto n ’s verses:
“ C onsider a ll C ircum stances, and set you r d e ligh t 
T o  Keepe U n ifo rm ity  o f  a ll th ings R equisite.
Use one m anner o f V essell in  M a tte r and in  Shape,
Beware o f  C om m ix tion  th a t n o th in g  m iscape.”  (N o rto n  1652: 49)
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I f ,  as it  seems like ly , people judged the p o te n tia l behaviour o f a crucib le  before 
acqu iring  and using it, then i t  is w o rth  asking: how  w o u ld  they envisage th a t 
perform ance p rio r to  use? Paraphrasing G lauber (1651: 320), how  w o u ld  the 
“ consideration o f the ir goodness”  be executed? W hat w o u ld  te ll a chym ist tha t this, and 
not that, is the appropria te crucible? The question necessarily brings us back to  discuss 
the perception o f the crucibles. A  crucib le  w o u ld  be assessed by lo o k in g  at it, perhaps 
handling it, touch ing  and inspecting its  surface, lis te n in g  to  its  rin g , m aybe tu rn in g  i t  to  
glance at a stamp (cf. S illar 1997). Th is apprehension w o u ld  be subjective and in fluenced  
by previous know ledge and experience, hab it, repu ta tion , the need o f re p lic a tio n ... 
expectations tha t cou ld  on ly be con fron ted  w ith  the  external fo rm a l properties o f  the 
vessel40. O n  th is founda tion , as discussed earlie r (section 6.2.3), the sm ooth, b lack lustre  
o f the Bavarian crucibles acquired a special significance: i t  added cohesion and id e n tity  
to  a ll the vessels belong ing to  the same group. T h is  argum ent is re in fo rced  w hen 
exam ined from  a w ide r perspective.
In  Renaissance and la ter E urope, tw o  m a jo r producers com pete fo r the m arket 
o f technical ceramics. The crucibles fro m  b o th  sources are fine : in  general term s, and 
fro m  a present-day standpoint, e ither type w o u ld  serve any com m on u tilita ria n  purpose 
w ith  m ore o r less equivalent e ffic iency. They are, how ever, rad ica lly  d iffe re n t: one 
producer sells crucibles tha t are inva riab ly  dark and sm ooth ; the o the r one o ffe rs  b rig h t, 
p im p ly  vessels. In  th is p ic tu re , the pecu lia r appearance n o t on ly  strengthens the ties 
am ongst the constituents o f  the same g roup, b u t also accentuates th e ir d ispa rity  w ith  
regards to  the others. W hen con fron ted  in  the m arket, appearance and textu re  w o u ld  be 
the m ost conspicuous factors te llin g  a chym ist th a t this, and not that, is the desired vessel. 
Rem arkably, the 18th-century com parison betw een Hessian and Bavarian crucibles 
m entioned above starts by n o tin g  th a t the fo rm e r are ye llow -grey o r reddish, w h ils t the 
la tte r are black (Beckm ann 1780, as c ited  in  Stephan 1995: 31; Beckm ann 1787, as cited  
in  Bauer 1976: 14-15). The very existence o f  a con trasting  opposite  w o u ld  make i t  easier 
fo r the consum er to  id e n tify  the  “ repu tab le  p o t” , w h ichever th is  may have been (S illar 
1997; S illar 2000b: 79-80). T h is  ‘reputab le  appearance’ m ig h t convey d iffe re n t m eanings 
in  each case: it  cou ld  m ean provenance, qua lity , tra d itio n , adherence to  an au tho rita tive  
recipe o r any o the r co m b ina tion  o f incentives. O n  m ost occasions, how ever, th is causal
40 Alternatively, crucibles may have been ordered from known suppliers, but also in this case the most 
characteristic features to be considered would be the outward appearance and /or the provenance o f the 
vessels, rather than their material properties.
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re la tionsh ip  between s ign ifie r and m eaning w o u ld  n o t even operate; nonverba l, learned, 
apprehended, ritualised factors w ou ld  lead the choice (P fa ffenberger 1992). People 
w o u ld  choose a b righ t, p im p ly  crucib le  because they ‘needed’ a b rig h t, p im p ly  crucib le , 
because tha t is the way things are done o r, perhaps, because th a t is the w ay th ings have 
always been done (Lem onnier 1986: 165). T h is idea is ep itom ised by the case o f the dark 
cm cibles, w h ich  clearly had to  be black. W e cou ld  even argue tha t ‘b lack’ d id  n o t mean 
anyth ing bu t ‘b lack’.
C o lou r is increasingly addressed in  archaeological studies as a key constituen t o f 
the m ateria lity  o f artefacts, p laying a crucia l ro le  in  the pe rcep tion  and categorisation o f 
m ateria l cu ltu re  (Jones and Bradley 1999; Jones and M acG regor 2002a). W hat people 
saw w ith  th e ir naked eyes is o ften  m ore m ean ing fu l than w ha t w e can see under a 
m icroscope. These innova tive  approaches to  archaeological artefacts usually consider 
co lou r as e ither a sym bol o r a s ign ifie r, p robab ly  because th is is how  we tend to  
conceive colours today: fo r example, red ochre sym bolises b lo o d  (Scarre 2002: 228-230; 
Jones and M acG regor 2002b: 7-9), o r the green shade o f a stone axe sign ifies th a t it  
comes fro m  a particu la r source (Cooney 2002). N onetheless, the d iscussion above 
illustra tes tha t co lou r may be taken as a sym ptom : ra the r than arguing th a t a g iven axe 
was preferred because o f its  source, as ind ica ted  by its  co lo u r, one cou ld  cla im  th a t a 
green axe was chosen because o f its  very co lo u r — ‘i t  is good because it  is green’. T a k in g  
the argum ent fu rthe r, i t  m igh t be suggested th a t ochre and b lo o d  cou ld  be categorised 
as the same en tity: redness w ou ld  m ake them  equiva lent. S im ila r p rinc ip les m ay have 
applied in  the perception and selection o f  crucib les.
F rom  an analytical s tandpo in t, i t  has been use fu l to  separate o u t the fo rm a l 
properties, the m ateria l p roperties and the perfo rm ance characteristics o f  the technica l 
ceramics (fo r discussion o f  these term s, see S ch iffe r and S kibo 1997; Skibo and S ch iffe r 
2001; S illar 2003; S ch iffe r 2003, and section 3.6). O n  th is  basis, i t  w o u ld  be tem p ting  to  
construct a m odel o f consum ption  w hereby the cruc ib le  user w o u ld  assess the fo rm a l 
properties o f a vessel, in fe r fro m  them  its  m ate ria l p roperties and, on  th is  basis, visualise 
its  perform ance characteristics. Such an analytica l m ode l invo lves some b o ld  
assum ptions, though. F irs tly , we cannot assume th a t past peoples separated ou t these 
categories as we do today. A s no ted  by Shanks and T ille y  (1992: 106), “ ‘The things 
them selves’ (i.e. the data on  w h ich  we w o rk ) exist on ly  in  so fa r as they as 
conceptualized” . Secondly, th in k in g  in  these term s com pels surm ising a cause-effect 
log ic  leading to  the decision, fro m  w ha t one sees — e.g. triangu la r and sm ooth — th rough
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w hat one understands — e.g. good fo r p o u rin g  and co rros ion  resistant — to  w ha t one 
expects -  e.g. an e ffic ie n t service in  assaying s ilve r ores. I t  takes fo r granted a linear 
m ode o f rum inating: ‘the p o t gives a good rin g  because its  fab ric  is hard, and the re fo re  i t  
w ill pe rfo rm  w e ll’. In  actual fact, as discussed above, consum ption  m ay have w orked  as 
a m uch m ore com plicated ne tw ork o f factors, m oved by perceptive s tim u li th a t cannot 
be explained in  a log ica l sentence because ne ithe r are they log ica l n o r can they be 
verbalised. “ The p o rtio n  o f technical know ledge th a t people can verbalize represents 
on ly the tip  o f the iceberg”  (P faffenberger 1992: 508) and, ow ing  to  th is , Renaissance 
treatises alone w ill never explain Renaissance techno log ica l choices in  fu ll.
The lim ita tio n s  o f a rig id  m odel o f consum ption  m ay also com e to  lig h t i f  we 
re tu rn  to  the stamp exh ib ited  by some o f  these crucib les, and try  to  assess its  in fluence  
in  the users’ choice. A t a p ractica l level, the presence o f  a p a rticu la r stam p w o u ld  help 
categorise a crucib le  as an elem ent o f a group. I t  cou ld  be necessary, fo r exam ple, to  te ll 
apart a dark Ipsian crucib le  fro m  a dark O bem ze lle r one. N onetheless, tak ing  in to  
account the w ealth o f concepts pu rpo rted  by the ‘4-shaped’ stam p o f the  la tte r, and the 
com plex technological, social and cu ltu ra l ne tw o rk  w here it  is inscribed  (see section 7.4), 
we m igh t have to  be prepared to  accept tha t a cruc ib le  w o u ld  be expected to  behave in  a 
pa rticu la r way in  the furnace because of tha t stam p, o r even, th a t the  crucib le  w o u ld  be 
bough t because of the stam p, as a m atter o f  cu ltu ra l allegiance, irrespective  o f its  e ffects ( if  
any) on the vessel’s high-tem perature perform ance. In  any case, these crucib les w ou ld  
pe rfo rm , am ongst others, a very im p o rta n t pu rsu it: the transm ission o f  ideas.
10.4. Crucibles in their sociotechnical system: the keys to success
F rom  the discussion above, i t  shou ld  be clear tha t we cannot decide tha t one 
crucib le  is bette r o r worse than anothe r in  absolute term s. T h a t w o u ld  be like  asserting 
tha t a cannon is a be tte r weapon than a ro lle d  new spaper — be fo re  having to  co n fro n t a 
m osquito. The rea lity  is, how ever, th a t some crucib le  types, nam ely the b rig h t and the 
dark ones, progressively to o k  over the m arke t at the  expense o f a lte rnative  productions. 
W hy d id  tha t happen?
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A  sensible sta rting  p o in t to  
resolve th is  question may be to  
com pare a ll the Renaissance 
crucibles analysed w ith in  th is  thesis, 
and try  to  id e n tify  singularities in  the 
successful ones. O ne fa c to r w ill 
im m edia te ly crop up: therm al
re fractoriness. Inva riab ly , the 
chem ical com positions o f  the 
ceram ic m atrices o f  b o th  b rig h t and 
dark crucibles show the h igh 
alum ina, and re la tive ly lo w  a lka li and 
earth a lka li, concentrations, w h ich  
are characteristic o f h igh ly  re fracto ry  
ceram ics. T h is  feature alone does n o t 
appear a su ffic ie n t explanation, 
though , i f  we w iden ou r scope. In
m edieval England, the potters fro m
Figure 190. Comparative graph of the thermal c . c , . . . , . .
refractoriness of the ceramic matrices of different Stam ford Produced considerable
medieval and post-medieval crucibles discussed in am ounts Gf  crucibles th a t were
this thesis. While heat resistance increases with
higher alumina levels in the ceramic matrices practica lly  as re frac to ry  as the
(vertical axis), it decreases with higher alkali and
earth alkali concentrations (horizontal axis). Note Hessian ones (fig . 190), how ever th is
that the most famous post-medieval crucibles tend to . , . , .
show higher alumina levels, but the medieval m dustry never reached the expansion
Stamford wares appear the most refractory ones o f  itg famous G f rm an counterpartj
(data for Stamford and Medieval London crucibles r
from Freestone and Tite 1986: 42). and declined in  the 14th century
(K ilm u rry  1980). Furtherm ore, re firin g  experim ents o f o the r crucibles have show n that,
even i f  no t as re fractory, they w o u ld  be re frac to ry  enough to  rem ain stable up to  1200
°C (Freestone and T ite  1986; Bayley et al. 1991).
W hile  n o t d isdain ing therm al re fractoriness, another singular feature in  the
successful crucibles may be id e n tifie d : the  resistance to  chem ical attack. Here, b rig h t and
dark crucibles — especially the fo rm e r — do stand ou t, w ith  no com parable com petito r
(fig . 191). A s argued above, the h igh-tem pera ture  p re firin g  conferred these vessels a
m ore v itr ifie d  — hence m ore co rros ion  resistant — ceram ic m atrix . In  the b rig h t
crucibles, the dense and v itr ifie d  m a trix  w ou ld  com pensate fo r the presence o f cracks
2 4 6
Na20+Mg0+K20+Ca0
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due to  the abundant sand. In  the dark ones, even i f  n o t as glassy, the chemical 
refractoriness w ould  be fu rthe r enhanced by the especially sm ooth fin ish  and, o ften, the 
presence o f  graphite in  the paste. A dd itiona lly , h igh fired  crucibles w ou ld  be m ore 
resilient and, possibly, less prone to  cracking in  the firs t use. F o r earlier crucibles, i t  has 
been suggested that “ resistance to  corrosion was n o t a m a jo r concern o f  the craftsm en”  
(Freestone and T ite  1986: 55) bu t this seems to  be no longer the case fro m  the 
Renaissance onwards.
Figure 191. Comparison of the vitrification stages of different crucible matrices. Left, bright 
Hessian crucible; centre, dark graphitic crucible from Oberstockstall; right, ‘alternative’ 
crucible found in London. Note the much higher vitrification of the Hessian matrix (from left to 
right, WFG 18/129/s2, OB 395/sl and W FG 18/121/sl; all SE at 800x).
Yet, does the com bination o f  therm ally and chem ical refractoriness explain, per 
se, the success o f  the Hessian and Bavarian crucibles? N o , unless we consider the 
changing demand. I t  is no t a coincidence tha t the g ro w th  o f  these industries runs 
parallel to  -  or, rather, in tertw ined w ith  — the expansion and m od ifica tion  o f  
pyrotechnological practices across Europe. As discussed in  the firs t chapters, the 
Renaissance witnesses an acme in  the quest fo r  the ph ilosopher’s stone, together w ith  
developments in  the m in ing  industry tha t require the recurrent conduction  o f  ore 
analyses, and in  addition to  a widespread interest in  investigating nature. These are 
strands o f  a w ider cultura l and econom ic atmosphere, all o f  them  recurrendy 
necessitating high-temperature, small-scale, carefu lly contro lled , reproducib le 
experiments such as fire assays, and o the r reactions using new ly discovered acids and 
fluxes. Spagyric chym istry, concerned w ith  the decom position  o f  substances in to  their 
Essentials by means o f  chem ical attack and extreme temperatures, may have played a 
special ro le here. Just as these reactions w ou ld  attack the sample processed, so w ould  
they corrode the vessel serving as a container. O n ly  therm ally and chemically refractory 
crucibles could serve these new  needs and, insofar as we can say that these crucible 
making industries developed thanks to  the existing demand, we can also assert that the
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Renaissance developm ents in  m eta llu rg ica l analysis were on ly  possible because these 
technical ceram ics existed (M artinon -T o rres and R ehren 2004b).
T h is change in  crucib le  u tilisa tio n  and, re la ted ly, in  cruc ib le  design, is observed 
by G lauber (1651: 313), w ho clearly notes th a t m ost crucib les are va lid  fo r h o ld in g  
m etals, bu t few  can cope w ith  m o lten  “ salts” . H av ing  m uch low e r surface tension than 
liq u id  m etal, these salts w ou ld  be m ore prone to  w e t a perm eable fabric. Sm ooth, 
v itr ifie d  surfaces, large inclusions w ith  re la tive ly  sm all surface areas o r chem ically in e rt 
particles such as graphite w ou ld  be the means to  tackle th is  p rob lem  and the chem ical 
attack by salts and m etal oxides. The requ ired  p recis ion , accuracy and re p ro d u c ib ility  o f  
chem ical reactions could n o t be ensured otherw ise.
N atura l resources, econom ic a c tiv ity , techn ica l know -how  and cu ltu ra l 
atm osphere converged in  these pa rticu la r areas o f C en tra l E urope  creating the necessary 
dem and-supply flow . Even the very co m p e titio n  betw een the tw o  m ain producers may 
have served as a fu rth e r spur. S till, these factors alone m ig h t n o t have lead to  such an 
industria l expansion had it  n o t been fo r the appropria te  p o litic a l support. B o th  in  
O bem zell and in  G roBalm erode, du ring  the 16th and 17th centuries and p robab ly  earlier, 
d iffe re n t laws governed and pro tected  the e xp lo ita tio n  o f  clay deposits, and the 
m anufacture and com m erce o f  crucib les, fa vo u rin g  certa in  dynasties o r guilds. 
S ignificandy, characters o f p o litica l relevance such as C oun t M o ritz  in  Hesse (chym ist 
and ho lder o f several such privileges) o r U rban  v o n  T renbach in  Passau (archbishop and 
chym ist w o rk in g  in  O berstocksta ll) w o u ld  be them selves in terested in  an adequate 
supply o f technical ceramics.
I t  is im possible to  know  w he ther these industries w o u ld  have flou rished  w ith o u t 
such in s titu tio n a l assistance, b u t i t  seems p lausib le  th a t the advantageous cond itions 
provided a favourable background fo r the m arke t expansion. W ith  the  certa in ty o f the 
m arket dom ination , these cruc ib le  m akers w o u ld  have been able to  specialise and 
standardise th e ir p roductions, as w e ll as to  develop firm , e ffic ie n t and cost-e ffective  
channels fo r the d is trib u tio n  o f  th e ir goods.
In  sum, the success o f  the  dark and b rig h t crucib les can be seen as the success o f 
an entire  “ sociotechnical system ”  (P fa ffenberger 1992). I t  requ ired the synchronisation 
o f a com plex ne tw o rk  in v o lv in g  na tu ra l elem ents, techn ica l skills and coo rd ina tion  o f 
labour, social custom s and cu ltu ra l conceptions, lin g u is tic  and nonverba l form s o f 
perception and com m un ica tion , and a suitable p o litic a l and legal fram ew ork. The 
establishm ent o f  these cruc ib le  m aking industries is the expression o f  an in trica te
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a c tiv ity  system w ith  such apparently disparate constituen ts as clay, k ilns , m ines, 
archbishops and counts, go ld , guilds, priv ileges, the Renaissance understanding o f  
nature and the quest fo r the ph ilosop he r’s stone. O nce m ateria l, social and ritu a l 
dim ensions were harm onised in  a com prehensive m anner, th is  techno log ica l system 
cou ld  n o t bu t succeed41.
By the tim e privileges were repealed and g row ing  com petito rs  emerged across 
Europe, b rig h t and dark crucibles were already established. The techniques were w ide ly 
available, since crucibles d id  n o t requ ire  any m ore sophisticated know -how  than 
stoneware m aking, b u t the sociotechnical system was w o rk in g  and i t  w o u ld  n o t be easy 
to  break i t  (P faffenberger 1992: 498-502). N ew  factors were susta in ing it. In  the m id  18th 
century, D id e ro t (as cited in  C o tte r 1992: 265) observes th a t the qua lity  o f  French 
crucibles is com parable to  tha t o f the m ore successful p roduction s, b u t he m ust concede 
tha t “ Germ an crucibles, and pa rticu la rly  those o f  Hesse have long  been fam ous 
am ongst chemists o f a ll nations” . F o r centuries, these crucib les had been m entioned in  
m etallurg ical treatises and in  the m ost a u tho rita tive  recipes fo r m aking the ph ilosop her’s 
stone. They had been w ide ly used and tested favourab ly. They had an id e n tity , a 
repu ta tion , a h is to ry, perhaps a m eaningfu l stam p. P ro d u c tio n  and consum ption  were 
now  ritua lised (cf. P faffenberger 1992: 501-510). A rguab ly , there was no p o in t in  try in g  
alternatives or, i f  there was, the p o ss ib ility  m ay n o t have been g iven a though t.
10.5. Summary
The h isto rica l, archaeological and ana lytica l study allow s a p re lim ina ry  approach 
to  the p roduction  and consum ption o f crucib les in  post-m ed ieva l E urope, w ith  a special 
focus on the choices made by m anufacturers and end users, and the special ro le  played 
by perception in  decision-m aking.
Clays fo r crucib le  m anufacture w ere selected on  the basis o f  sensorial crite ria , 
p rim ary co lour, and i t  seems th a t red clays — i.e. those rich e r in  iro n  oxide -  were 
avoided. F rom  a technica l v ie w p o in t, the o n ly  e x p lic it concern regarding the clay and its
41 Even though I  find Pfaffenberger’s ‘sociotechnical system’ a very useful concept, I  should note my 
concerns with his Marxist interpretation o f  the system as a network o f  facts and values primarily 
orchestrated by those in power in order to legitimate and perpetuate the social order. In  this sense, his 
view is akin to the argument presented by Shanks and Tilley (1992: 133). I  do not think that the success o f 
some crucible productions was only due to a deliberate effort on the part o f those manufacturing them or 
somewhat benefitting from this industry. Rather, I  accept a significant level o f contingency, free will and 
even chance in this historical development.
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resu lting  properties was its  therm al re fractoriness, even though the analysis o f  the 
crucibles indicates tha t these w ou ld  have had to  m eet m any o the r strains. T he clay was 
usually tem pered w ith  sand and, occasionally, w ith  grog. A rchaeo log ica l examples o f  
Renaissance and la ter technical ceram ics suggest a preference fo r quartz sand, b u t e ither 
a lternative does n o t seem to  have a decisive e ffec t in  the perform ance o f the vessels, 
and th e ir choice was p robab ly led by specific  dynam ics o f each techno log ica l context. 
A fte r re fin in g  and hom ogenising the clay m ix tu re , the crucib les w o u ld  be fo rm ed  in  
m oulds o r on a p o tte r’s wheel. Seem ingly, m oulds were p rim a rily  used fo r ad hoc 
productions by the users themselves, w h ich  explains th e ir recu rren t appearance in  the 
w ritte n  m eta llurg ica l and chym ical sources, con trad icted  by archaeological in fo rm a tio n .
Frequently overlooked by early m odern w rite rs  as m uch as by present-day 
researchers, the firin g  o f the crucibles m ay have had a cruc ia l im portance in  the 
p roduction  o f the successful b rig h t and dark vessels. S pecific fir in g  techniques and 
tem peratures w ou ld  result, on the one hand, in  th e ir pecu lia r appearance, and, on  the 
o ther hand, in  h igh ly v itr ifie d  ceram ic m atrices tha t w o u ld  o ffe r m ore resistance to  
w e tting  and chem ical attack.
The a tten tion  to  crucib le  m aking pa id  by some treatise w rite rs  suggests th a t the 
crucibles may n o t have been readily available always and everywhere. A rchaeo logy and 
w ritte n  sources, how ever, p rove  the long-d istance trade o f b o th  da rk and b rig h t 
crucibles to  the same locations, and th e ir use in  equ iva len t a c tiv ity  contexts. C learly, the 
reasons behind the choice o f one crucib le  o r another w ere n o t un iversa l, and they 
require detailed investiga tion  in  each case. In  acqu iring  o r using a crucib le , the user 
w ou ld  probably bear in  m ind  the in tended u tilis a tio n  b u t, on  a ro u tin e  basis, th is w ou ld  
n o t necessarily in vo lve  an assessment o f  the  perfo rm ance characteristics o f  the vessel. 
E conom ic and u tilita ria n  m o tiva tions , b u t also hab it, repu ta tion , cu ltu ra l bonds, 
transm itted know ledge, sc ien tific  concerns and o th e r con textua l factors w o u ld  be at 
stake. The specific appearance o f  the d iffe re n t crucib les w o u ld  appear as a 
m ateria lisation o f the user’s needs, b u t these w o u ld  vary and may n o t even have been 
verbalised.
In  expla in ing the success o f  the b rig h t crucib les fro m  Hesse and the dark 
crucibles fro m  Bavaria and surround ings, the w ho le  socio techn ica l system ought to  be 
considered. B o th  crucib le  types, a lthough  d iffe re n t in  th e ir design and appearance, 
showed an exceptional resistance to  chem ical and therm a l stresses. T h e ir technical 
qua lity  responded to , and enabled, the changing needs o f  d iffe re n t pyro techno log ica l
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activ ities such as ore assay, chrysopoeia and chem ical investiga tion . These requ ired  large 
num bers o f standard vessels capable to  w iths tand  aggressive chem icals at extrem ely h igh 
tem peratures, and they d id  so because o f  renew ed w orldv iew s and expectations, social 
engagements and econom ic enterprises. A t the  same tim e, the p ro d u c tio n  o f  such 
crucibles could on ly be ensured by a co m b ina tion  o f natura l resources, p o litic a l 
p ro tection , m arket com pe tition , techn ica l advance, in fras truc tu ra l developm ent and 
increasing demand. The successful crucib les were ju s t as necessary as a ll the o the r 
entities harm onica lly engaged in  the  same ne tw ork. The fu n c tio n in g  o f the 
sociotechnical system fac ilita ted  the ritu a lis a tio n  o f  p ro d u c tio n  and consum ption and, 
together w ith  it, its  perpetuation.
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11. Conclusions and further work
“The past and the present are w ith in  the fie ld  o f my 
inquiry, but w hat a man may do in the fu tu re  is a hard 
question to answ er”
Sir A rthu r Conan Doyle ( 1 8 5 9 - 1 9 3 0 )
“The true w orth o f an experimenter consists in his 
pursuing not only what he seeks in his experiment, but 
also w hat he d id not seek.”
Claude Bernard (1 8 1 3  - 1 8 7 8 )
“Serious w ork on post-medieval crucibles has scarcely 
begun.”
John Cotter ( 1 9 9 2 )
The Renaissance was a pe rio d  o f  fundam enta l changes in  the ways people 
conceived themselves and the su rround in g  w o rld . The departure fro m  tra d itio n  was 
long  and m ultifaceted, and indeed i t  was coup led  w ith  con tinu itie s  in  know ledge and 
s k ill tha t sim ply m oved fro m  d iffe re n t spheres o f  a c tiv ity  in to  the academic discourse. 
Thus any general statem ent about th is  tim e  is at risk  o f ove rs im p lify in g  a com plex 
rea lity. The w o rk  presented in  th is  thesis large ly concentrated on a very sm all sample o f 
the Renaissance w o rld : the labo ra to ry  in  O berstocksta ll; m ore precisely, the technical 
ceramics used there fo r h igh-tem pera tu re  reactions. T h is  study, how ever, n o t on ly 
served to  investigate specific issues pe rta in in g  to  the in tra -h is to ry  o f  O berstocksta ll, bu t 
also w ider com ponents o f  the con te x t in  w h ich  the labo ra to ry  equipm ent, and th e ir 
makers and users, were in e x trica b ly  em bedded.
As the study expanded to  inco rp o ra te  techn ica l ceram ics fro m  o the r regions, 
periods and contexts o f u tilis a tio n , i t  has been possible to  construct a p re lim ina ry 
p ic tu re  o f the p ro d u c tio n  and d is trib u tio n  o f  crucib les across the post-m edieva l w o rld , 
th e ir properties and u tilis a tio n . T h is  has p roved  in fo rm a tive  w ith  regards to  the transfer 
o f too ls, ideas and sk ills  am ongst d iffe re n t spheres o f  ac tiv ity , as w e ll as the perception 
o f m atte r and the choices m ade w ith in  an evo lv ing  sociotechn ical system.
T h is  chapter sum m arises the m ain conclusions o f the w o rk  carried o u t so far, 
together w ith  some lines fo r fu tu re  developm ents.
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11.1. Technical ceramics in the Oberstockstall laboratory
The ceram ic equipm ent recovered in  O berstocksta ll shows a rem arkable degree 
o f  standardisation and specialisation. T he d iffe re n t vessel types are coherent in  th e ir 
design, generally show ing the fo rm a l and m ate ria l p roperties necessary fo r th e ir specific 
practica l u tilisa tion . W hether they w ere produced by po tte rs specialised in  techn ica l 
ceramics rem ains to  be investigated.
Several groups o f  ceram ic fabrics cou ld  be dem arcated on the basis o f 
m acroscopic, chem ical and m inera log ica l analyses. The m ain group is fo rm ed by a 
re la tive ly narrow  range o f fabrics used fo r  crucib les and scorifie rs, b u t also fo r o the r 
vessels such as b lack o r orange-glazed ceram ic containers. Some va ria b ility  w ith in  th is 
group is noticed, pa rticu la rly  in  the use o f  g rog  as tem per fo r some o f  the scorifie rs o r in  
the res tric tion  o f g raph itic  clays fo r  equ ipm ent to  be used at h igh  tem peratures. A  
second group is constitu ted  by the stam ped b lack wares obta ined fro m  the village  o f 
O bem zell, in  Bavaria. I t  is in te res ting  to  no te  th a t the  h igh-tem perature ceram ics used in  
O berstocksta ll were n o t fro m  th a t p roducer, despite the repu ta tion  o f  the Bavarian 
crucibles and the fact tha t one o f  the chym ists p laus ib ly  w o rk in g  in  O berstocksta ll spent 
some years liv in g  in  O bem ze ll as archb ishop o f  Passau. Specialised ceram ics used fo r 
operations such as sub lim a tion  and d is tilla tio n  fa ll outside the previous fab ric  groups 
and suggest a d is tin c t provenance, h in tin g  fu rth e r a t the existence o f specialised potters 
trad ing  the ir goods across w ide  distances.
Focussing on crucib les and sco rifie rs , i t  was show n how  th e ir fo rm a l and 
m aterial properties were generally sa tisfacto ry fo r the techn ica l stresses to  w h ich  they 
were subjected, b u t also th a t th e ir users knew  how  to  adapt the cond itions o f u tilisa tio n  
in  order to  m in im ise risks o f  fa ilu re . T h is  is illu s tra te d , fo r exam ple, by the use o f 
crucib le  bases made fro m  less re fra c to ry  clay, b u t also by m ore subde details such as the 
fact tha t g raph itic  vessels were used at the  h ighest tem peratures on ly  in  reducing 
atm ospheres, where graphite  inc lus ions w o u ld  n o t b u m  out. In  the same ve in , scorifiers 
were em ployed as an easily accessible resource th a t a llow ed savings in  the less available 
ash-based cupels, b u t th is  requ ired  dexte rity  and sw iftness on the p a rt o f the chym ist — 
indeed, it  is in  the use o f  sco rifie rs  w here m ore fa ilures are docum ented.
W h ile  these practices e xh ib it an acquaintance w ith  technica l know ledge acquired 
by experience th a t resem bles present-day conceptions, o the r factors b rin g  us back to  the 
A ris to te lia n  understanding o f  m a tte r th a t w o u ld  o n ly  be abandoned in  the wake o f the
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Renaissance sc ien tific  discoveries. A  paradigm atic instance o f th is is o ffe red  by the fact 
tha t as m uch im portance was g iven to  the appearance o f the technica l ceram ics as to  the 
com position  o f the raw  m aterials em ployed o r the m anufacturing  technique: seem ingly, 
the b lack and lustrous lo o k  o f the tria n g u la r cm cib les was m ore im perative  than the 
graphite content o f th e ir fabrics, w h ich  w o u ld  exp la in  the presence o f some b lack, non ­
g ra p h ic  cm cibles in  the assemblage. T he  cruc ia l ro le  im parted  by Renaissance peoples 
to  the im m ediately sensorial d im ensions o f  nature has becom e apparent in  o the r parts o f 
th is thesis such as the h is to rica l recom m endations g iven fo r the selection o f clays o r the 
p roduction  o f the ph ilosopher’s stone.
The cupels tender a co u n te rp o in t to  the quasi-industria l standardisation o f  the 
o ther pieces o f  equipm ent in  the assemblage. T h e ir atypical m anufacture in  the 
laboratory, in vo lv in g  the debasing o f  bone ash w ith  clay and the pa rtia l recycling  o f used 
cupels, illustra tes the ve rsa tility  o f  labo ra to ry  practices w h ils t denoting  a lim ite d  
understanding o f the reasons to  choose bone ash fo r cupe lla tion . Furtherm ore , the 
apparent lack o f  specialised producers o f  cupels is ra ther astounding, pa rticu la rly  i f  we 
bear in  m ind  th e ir w idespread use since late m edieval tim es. T h is  may be related to  th e ir 
fra g ility , w h ich  com plicated th e ir transport.
Future analyses o f the  slag and o th e r residues w ith in  the assemblage w ill fu rn ish  
m ore details o f the reactions carried  o u t in  th is  labora to ry , and the correspond ing 
com prehension o f na tu ra l elem ents. O n  the basis o f  the w o rk  so fa r, the labora to ry can 
be ascribed to  the broad rea lm  o f fire  assay a n d /o r re fin in g  o f nob le  m etals. The 
operations w ou ld  o fte n  in vo lve  a re d u c tio n  stage o f  an ore sample in  a triangu la r 
crucib le co llecting  any nob le  m etals in  a lead regulus, fo llo w e d  by the concentra tion  o f 
the noble m etal con ten t by the o x id a tio n  o f th is  lead-dom inated b u llio n  in  a scorifie r, 
and culm inated in  cupe lla tion , possib ly be fo re  the pa rting  o f go ld  fro m  silve r using 
m inera l acids. In  O berstocksta ll, th is  sequence started in  consistently b lack crucibles and 
concluded in  in va riab ly  w h ite  cupels, precise ly the beg inn ing and the end o f a succession 
o f colours w h ich , accord ing  to  chym ists such as Thom as N o rto n , were essential in  the 
p rod u c tio n  o f the p h ilo so p h e r’s stone. H ow ever, varia tions o f th is scheme and the 
practice o f  o the r activ ities  cannot be disregarded.
The fin a l in te n t o f  the  h igh-tem pera ture  reactions at O berstocksta ll has to  
rem ain an open question . W as th is  experim enta tion fo r the sake o f knowledge? W ere 
these attem pts at m e ta llic  transm utation? W ere these ore assayers w o rk in g  fo r a m in ing  
entrepreneur? A d d itio n a l analyses o f  the equipm ent and related h is to rica l sources may
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prov ide  fu rth e r clues, how ever the fac t th a t the same operations m ay have been 
undertaken fo r a varie ty o f m otives means th a t i t  m ay never be possible to  ascribe these 
rem ains to  a single purpose. A t present, the  lo ca tio n  o f  the labora to ry in  a sacristy, 
together w ith  the w ritte n  docum ents a ttesting  the econom ic bankruptcy o f one o f  the 
priests-chym ists, denote an exceptiona l degree o f  concern and m o tiva tio n , w hatever the 
pursu it. In  any case, the u ltim a te  purpose o f  these activ ities, the pro fessiona l speciality 
o f those conducting them  o r th e ir re la ted w orldv iew s cannot be in te rp re ted  too  
narrow ly, as dem onstrated in  the revised approach to  the w ritte n  evidence presented in  
th is thesis.
11.2. The interpretation of Renaissance metallurgy and science
M uch emphasis has been la id  th ro u g h o u t th is  w o rk  on the need to  avoid 
present-day categories and assum ptions w hen try in g  to  reconstruct the past. The 
h is to rica l review  p rom pted  by the archaeological rem ains revealed a substantia lly 
anachronistic bias in  the tra d itio n a l studies o f  Renaissance science. A  change in  our 
investigative approaches is encouraged, w h ich  m ay enta il, on  the one hand, 
concentrating m ore a tten tive ly  on  spec ific  case studies and, on the o the r hand, w iden ing  
the reference fram ew ork fo r in te rp re ta tio ns .
F or professionals dealing w ith  archaeological rem ains o f  fire  assay and related 
activities, i t  is crucia l to  w iden  the scope o f  h is to rica l sources o f reference beyond the 
w e ll-know n m eta llu rg ica l treatises. F o r b o th  archaeologists and h istorians alike, we need 
to  be aware tha t go ld  m aking  was ju s t one a c tiv ity  w ith in  the w id e r chym ica l dom ain, 
conceived as feasible by m any. The com plex and variable scope o f Renaissance 
chym istry overlapped substantia lly w ith  w h a t we w o u ld  nowadays ca ll m etallurgy, and 
try in g  to  demarcate the ‘science’ and the  ‘c ra ft’ to o  re s tric tive ly  w ill o fte n  tu rn  o u t to  be 
fu tile  and anachronistic. S im ila rly , as the  Renaissance entailed a d ive rs ifica tio n  in  the 
hum an approaches to  nature, w e shou ld  avo id  generalising about the w orldview s and 
expectations o f d iffe re n t peoples based s im p ly on  the analogies am ong the activ ities 
they carried out. Perhaps i t  is tim e  fo r  a new  tu rn  in  the h is to ry  o f  chem istry and 
m etallurgy, fro m  the vast h is to ric a l reconstructions o f  the tra d itio n a l h is to riography to  
m ore focussed con textua l studies w h ich  m ay con trib u te  to  a be tte r understanding o f the 
w ide r p ic tu re . T h is  new ly w ritte n  h is to ry , b u ilt as a sum  o f d iffe re n t parts, requires a 
sound theore tica l fram ew ork g iv in g  coherence to  the w hole. The ro le  o f w ell-researched
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archaeological case studies w ith in  th is  am b itious program m e is clear, and the ongo ing 
w o rk  on the rem ains fro m  O berstocksta ll aspires to  constitu te  an example.
The h is to rica l and analytica l study o f  post-m edieva l cm cibles fro m  across the 
w o rld  reinforces these ideas about the in te rtw in in g  — and divergence — o f various 
spheres o f activ ity , w ith  the very same cruc ib le  types, m anufactured by the same 
producers, used in  d iffe re n t contexts and fo r  disparate purposes.
11.3. Crucibles in post-medieval Europe and beyond
Since the late M id d le  Ages, i f  n o t be fo re , large-scale crucib le  m anufacturing  
industries developed in  tw o  sm all reg ions o f  C en tra l E urope. These were respectively 
centred around A lm erode and E p te rode  in  Hesse (C entra l G erm any), and O bem ze ll in  
Bavaria (Southern G erm any). T h e ir p roducts  w ere traded in  large num bers w ith in  
E urope and Am erica, and used fo r a w ide  array o f  h igh-tem perature operations, 
in c lud ing  ore assaying, co in  m in tin g , m e ta llu rg ica l analysis and chem ical 
experim entation, glass m e lting , glaze p repa ra tion , bronze and brass m eta llurgy, and 
attem pts at m etal transm utation . I t  shou ld  be no ted , how ever, tha t they co-existed fo r 
centuries w ith  loca l and ad hoc p roducts.
The fam ous Hessian cm cib les w ere m ade w ith  a very lean and re frac to ry  clay 
heavily tem pered w ith  quartz sand and, occasionally, grog, and p re fire d  to  very h igh 
tem peratures (above 1200 °C ) in  an o x id is in g  atm osphere. A s a resu lt, unused vessels 
generally show a b rig h t orange co lo u r and p im p ly  texture. The cm cibles produced in  
Bavaria and surround ing regions w ere generally m anufactured w ith  g raph itic  fabrics 
ensuring a sm ooth surface fin is h , and p re fire d  to  ra the r h igh  tem peratures (950-1050 
°C) in  a m oderately reducing and sm oky k iln , w h ich  con fe rred  them  a b lack and lustrous 
look.
In  general term s, b o th  cm cib le  types show ed su ffic ie n t technica l qua lity  to  
w ithstand the therm al, m echanical and chem ica l strains they were exposed to  du ring  use. 
T ry in g  to  com pare th e ir m a te ria l p roperties in  absolute term s makes little  archaeological 
o r h is to rica l sense, as i t  seems clear th a t d iffe re n t u tilisa tio n s  w ou ld  resu lt in  varying 
stresses, and users w o u ld  o fte n  ad just th e ir use o f  the equipm ent in  o rde r to  m in im ise 
failures. The in fo rm a tio n  available so fa r shows th a t cm cib les fro m  b o th  sources were 
used fo r s im ila r purposes, som etim es w ith in  the same labora to ry. There fo re , the reasons
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behind the choice o f e ithe r type shou ld  be sought outside th e ir technica l qua lity  -  at 
least, i f  th is is understood in  the na rrow  m odem  sense.
In  a p re lim inary approach, it  has been show n th a t the  d iffe re n t cm cibles w o u ld  
be chosen on the basis o f  variab le  m o tiva tio n s  th a t m ay have invo lved  an assessment o f 
th e ir perform ance characteristics as m uch as th e ir repu ta tion , cu ltu ra l allegiances, hab it 
and transm itted know ledge, o r s c ie n tific  concerns w ith  re p ro d u c ib ility . The d iffe rin g  
appearance o f the ‘dark’ and the ‘b rig h t’ cm cib les, co n d itio n in g  th e ir percep tion  by the 
consum er, m ust have been a c ritic a l fa c to r a ffe c tin g  th e ir acqu is ition  and use. F rom  a 
broad perspective, the great deve lopm ent o f  these cm cib le  m aking industries was b o th  
required and enabled by a changing socio techn ica l system th a t engaged a ne tw ork  o f 
natura l factors, social agents and h is to rica l junctures. T h is  system m aterialised in  the 
Renaissance laboratory, and it  is n o t exaggerated to  a ffirm  th a t ju s t as chym istry needed 
these cm cibles, so d id  the cm cib les need chym istry.
H ope fu lly , th is thesis o ffe rs  use fu l g ro u n d w o rk  fo r fu rth e r research on  the 
production , consum ption and d is trib u tio n  o f  cm cib les in  the post-m edieva l w o rld . Th is 
may be gready enhanced by a m ore de ta iled  study o f the tw o  m ain p ro d u c tio n  centres — 
it  should n o t be fo rg o tte n  th a t the  re ference m ate ria l used in  th is  thesis fo r b o th  o f 
them  comes fro m  uncontextua lised  fin d s  — to  develop a m ore fine-gra ined 
reconstruction  o f th e ir respective ch rono log y, v a ria b ility  and geographical d is trib u tio n . 
Related to  th is, i t  w ill be in te re s tin g  to  com pare the long-distance trade o f C entra l 
European technical ceram ics to  th a t o f  dom estic p o tte ry  produced in  the same reg ion, 
and study the ro le  o f th is  com m erce in  the  co n fig u ra tio n  o f  a ‘European cu ltu re ’ and its  
spread to  colonies.
In  the specific case o f  the  dark cm cib les, several issues deserve special scrutiny: 
on the one hand, the co m p e titio n  am ongst d iffe re n t producers o f very s im ila r cm cibles 
in  ne ighbouring areas; on  the o th e r hand, the  evo lv ing  understanding and use o f 
natura lly g raph itic  clays and, la te r, g raph ite -tem pered  ceram ics. These enquiries w ill 
require  a system atic and d iach ron ic  com parison o f  the fabrics o f w e ll-da ted o rd ina ry  and 
technica l b lack wares and, idea lly , the  deve lopm ent o f analytica l c rite ria  to  d istinguish 
natura l graphite  inc lus ions fro m  cm shed graph ite  used as tem per.
A n o th e r issue deserving fu rth e r a tte n tio n  is the evocative 4-shaped stam p w h ich , 
on the one hand, connects cm cib les w ith  o th e r item s o f the m ateria l cu ltu re  and, on the 
o the r hand, bridges the gap betw een the considera tion  o f the cm cib le  as a m edium  fo r 
the transfo rm a tion  o f  m a tte r, and its  use as a veh ic le  fo r com m unication . The study o f
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th is  stamp may also serve as a s ta rting  p o in t to  address the re la tionsh ips between 
m etallurgy, chym istry and p o tte ry  m aking in  the  early m odem  w o rld , and the links 
between these and o the r arenas o f  a c tiv ity . C om plem entary lines o f w o rk  m ay be the 
investiga tion  o f the re la tionsh ip  betw een cm cib le  m aking and o the r ceram ic 
technologies such as stoneware, and o f  the channels fo r the transport and trade o f these 
vessels.
F ina lly, the focus on  specific  archaeological case studies o f cm cib le  use, 
considering the associated equ ipm ent and the  specific reactions conducted, may a llow  a 
be tte r ins igh t in to  w hy and h ow  d iffe re n t cm cib les w ere used in  each context. I f  specific 
patterns are found in  the consum ption  and u tilis a tio n  o f  technica l ceram ics, i t  m ay be 
possible to  investigate w he ther ideas and sk ills  w ere shared by those w ho  had too ls in  
com m on.
11.4. The analytical study of technical ceramics
T his thesis adds to  a g ro w in g  body o f  ana lytica l studies o f techn ica l ceram ics 
used fo r m eta llurg ica l and chem ical opera tions in  archaeological contexts. The ro le  o f 
technica l ceram ics is increasing ly recognised and investigated. In  o rde r to  bear 
consistency, fu tu re  research on  chym is try  and cm cib les shall idea lly fo llo w  a com parable 
analytical m ethodology, w h ich  has p roved  o f  use here as w e ll as in  previous w o rk . Y e t, it  
has been possible to  id e n tify  som e specific arenas fo r o rig in a l analytica l research w h ich  
w ill be o f aid in  the techn ica l in te rp re ta tio n  o f  th is  type o f  ceram ics.
F irs tly , the characterisation o f  cm cib les shou ld  pay a tten tion  n o t on ly  to  the 
therm al refractoriness, b u t also to  the chem ical re fractoriness and co rros ion  resistance 
o f the fabrics, w h ich  m ay be re la ted to  the  com pos ition  o f  the paste, its  v itr ific a tio n  
state a fte r p re firin g  and the surface fin is h  o f  the  vessel. T h is  seems to  have been a key 
fac to r beh ind the especially sa tisfacto ry perform ance o f the m ore fam ous cm cib le  
p roductions, m ore im p o rta n t than  the resistance to  h igh  tem peratures. Since resistance 
to  co rrosion  was a fu n c tio n  o f  the  processes to  be conducted w ith in  the vessel, i t  m ust 
be assessed in  re la tio n  to  these processes, ra the r than as an absolute measure. In  the 
case o f techn ica l ceram ics used to  process h o t lead oxide, i t  should be considered tha t 
re la tive ly  large quart2 inc lus ions w ith in  the  fa b ric  m ay have served as a b u ffe r to  
co rrosion , in  spite o f the  aggressiveness o f lead oxide to  silica, due to  the slowness o f 
the reaction  w ith  the re la tive ly  coarse grains.
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Secondly, the e ffec t o f  g raph ite  inc lus ions in  the m ateria l p roperties o f ceram ic 
fabrics remains to  be addressed in  m ore deta il. O f pa rticu la r in terest are the ox ida tion  
behaviour o f graphite and the changing perfo rm ance o f ceram ics as graphite bum s out. 
M ore generally, i t  w ou ld  be w o rth w h ile  conducting  experim ents to  assess w hether the 
m ateria l properties o f fabrics con ta in in g  d iffe re n t aplastics vary w ith  th e ir repeated use 
at very high tem peratures, o fte n  above those o f  the  o rig in a l p re firin g .
T h ird ly , w hen assessing the the rm a l re fractoriness o f  ceram ic m atrices, the iro n  
content as detected by chem ical analyses m ay n o t be taken as a stra igh tfo rw a rd  p roxy  o f 
heat resistance. The redox atm osphere o f  u tilis a tio n  w ill resu lt in  th is iro n  being present 
w ith in  the fab ric  e ither as fe rric  ox ide  (Fe20 3), fe rrous oxide (FeO ) o r m etal, a ll three 
com ponents w ith  d is tin c t chem ical behaviour, thus a ffecting  refractoriness in  
appreciably d iffe re n t ways.
F ina lly, the p ilo t study o f  the  ash-based cupels opens a p rom is ing  fie ld  fo r 
fu rth e r w o rk  on technica l ceram ics. I t  m ay be the tim e  to  e xp lo it the in fo rm a tive  
po ten tia l o f these artefacts, so abundant in  m any archaeological assemblages, beyond 
th e ir mere use as d iagnostic rem ains o f  cupe lla tion . H is to rica l and archaeological 
in fo rm a tio n  show a re la tive ly  w ide  v a ria b ility  in  the m anufactu ring  techniques, whose 
technica l and social im p lica tio n s  are ye t to  be c la rified .
F o r these ana lytica l developm ents to  becom e m ean ing fu l w ith in  research 
agendas, they w ill necessitate an a rticu la te  set o f  in te rp re ta tive  categories and concepts, 
as stressed th rougho u t th is  thesis.
11.5. Theory and archaeometry
A t the specific leve l o f a rte fact analysis, i t  is usefu l to  bear in  m ind  the 
differences am ong fo rm a l p rope rties, m a te ria l p roperties and perform ance 
characteristics o f the objects. E ven  i f  these categories o fte n  overlap, they p rov ide  a 
sound basis fo r the system atic characterisa tion and in te rp re ta tio n  o f technolog ica l 
systems. The concept o f  pe rfo rm ance challenges the v a lid ity  o f general com parisons o f 
the properties o f artefacts in  m odem  techn ica l term s, w h ile  in  tu rn  it  fosters a m ore 
socia lly in fo rm e d  com prehension o f  the p ro d u c tio n  and consum ption o f  artefacts. 
Instead o f asking ‘w ha t d id  they do in  o rde r to  make th e ir cm cibles re fractory? ’, we may 
w ish  to  ask ‘w hy d id  they use g ra p h itic  clays?’.
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T h is thesis has advocated the understand ing  o f  perform ance in  the w idest sense. 
W hen discussing the perform ance o f a Renaissance crucib le , we need to  pay a tten tion  to  
its  specific cond itions o f  u tilisa tio n  in  the  labo ra to ry , and how  i t  serves a g iven purpose 
in  the furnace; b u t the cm cib le  w ill also have pe rfo rm ed  a pa rticu la r ro le  in  the m arket, 
cond ition ing  its  purchase by the user, and its  acqu is ition  and u tilisa tio n  inev itab ly  
convey a series o f social, cu ltu ra l and econom ic connota tions. I f  we try  to  s p lit these as 
related, fo r example, to  e ithe r u tilita ria n  o r socia l ro les, we w ill be im posing  an a rtific ia l 
h ierarchy o f p rim ary and secondary app lica tions. S im ila rly, try in g  to  in te rp re t the 
features o f an arte fact as e ithe r fu n c tio n a l o r s ty lis tic  entails judg ing  w ha t is essential and 
w hat accessory, and th is  assessment w ill usually be based on m odem  concepts th a t 
d iffe r fro m  past ones.
A lso  the concept o f  techno lo g ica l choice has been used in  a broad sense, to  
incorpora te  the discussion o f  decisions m ade in  the m anufacture as w e ll as in  the 
atta inm ent and use o f  the  artefacts. T he  id e n tific a tio n  and in te rp re ta tio n  o f choices 
offe rs a useful strategy to  understand the  hum an agents in  past technologies. By 
com bin ing sc ien tific  analysis, h is to ric a l research and an th ropo log ica l approaches to  
m ateria l cu lture, i t  was possib le to  show  th a t pe rcep tion  played a cm cia l ro le  in  decision 
m aking. I t  fo llow s th a t the sensorial m a te ria lity  o f  the a rte fact should be g iven a centra l 
place in  the study o f m ateria l cu ltu re , even w hen aided by sc ie n tific  analyses o f its  
in v is ib le  dim ensions. F rom  th is  perspective, the  a rte fact emerges as an active constituen t 
o f the sociotechnical system ra the r than  as a passive to o l to  be ob jective ly  understood. 
T h is realisation bridges a lin k  betw een archaeology and m odem  labora to ry studies, and 
underpins the focus on  the m a te ria l in s tru m e n t taken up in  th is  thesis.
In  add ition , the approach to  the decisions m ade around the p ro d u c tio n  and 
consum ption o f cm cib les p u t on  v iew  the fa c t th a t the reasons beh ind  a choice w ou ld  
n o t always be a rticu la ted  o r verbalised. T he  co m b ina tion  o f  a ll the available sources o f 
in fo rm a tio n  becomes thus m andatory, i f  w e are to  reconstruct a h is to ry  th a t is n o t 
constrained to  w ha t people w ro te  about them selves.
11.6. Science, archaeology and history
A n  unde rly ing  them e o f th is  thesis is the pertinence o f  using archaeological 
in fo rm a tio n  in  the study o f  h is to rica l periods and, m ore precisely, how  sc ien tific  
archaeology m ay f it  in  th is  panoram a. D ocum entary sources were w ritte n  w ith  specific
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purposes, and these should be investiga ted be fo re  th e ir con ten t is taken at face value. 
Furtherm ore, the aims o f books o fte n  d iffe r fro m  the aims o f hum an actions leaving 
m ateria l remains o the r than w ritte n  sources, hence h is to rica l and archaeological 
in fo rm a tio n  are com plem entary ra the r than redundant. N o t every aspect o f past 
societies was w ritte n  about and, even w hen a to p ic  is addressed in  books, w ritte n  
in fo rm a tio n  may n o t be easy to  decipher, as seen in  the case o f some chym ical sources. 
The study o f m ateria l rem ains o f  h is to rica l societies o ffe rs  an avenue to  the nonverba l 
dim ensions o f hum an behaviour, and archaeological science, in so fa r as i t  helps e xp lo it 
the in fo rm ative  po ten tia l o f m ateria ls, fu rth e r strengthens the ro le  o f archaeological 
research. Some find ings o f  th is  thesis m ay serve to  exem plify the successful 
com bination  o f science, archaeology and h is to ry .
A rchaeological research led to  question  the o rig in a l assum ption, based on 
w ritte n  in fo rm a tio n , th a t the crucib les used in  O berstocksta ll had been produced in  
O bem zell. The stamp displayed on som e b lack cm cib les and o the r artefacts, re lated to  
m asonic sym bology, cou ld  o n ly  be com prehended by resorting  to  a w ide range o f 
sources o f d iffe re n t types. T he m anufacture  o f  the cupels w ith in  the labora to ry m atched 
h is to rica l accounts, b u t fu ll ana lytica l in ve s tig a tio n  o f archaeological samples revealed 
h ith e rto  unrecorded practices such as the recyc ling  o f raw  m aterials. A t a d iffe re n t scale, 
the study o f archaeological rem ains fro m  h is to rica l contexts illustra tes the in trica te  
nature o f trans ition  periods, fo r  exam ple show ing the labo ra to ry  as a new creation  o f 
the Renaissance, b u t also as a resu lt o f lo n g -te rm  developm ents engrained in  m edieval 
and earlier techno log ica l practice . S im ila rly , o n ly  the in teg ra tion  o f sc ien tific , 
archaeological and h is to rica l data cou ld  p ro v id e  a balanced p ic tu re  o f the p ro d u c tio n  o f 
cm cibles, in c lu d in g  hom e m ade, m ou lded, usually grog-tem pered vessels, as w e ll as 
sand-tem pered and g ra p h itic  ones, w h e e l-th ro w n  and m anufactured in d u s tria lly  in  tw o 
d iffe re n t centres.
A ll in  a ll, a theo re tica lly  in fo rm e d  in te rd isc ip lin a ry  research program m e has 
proved the m ost e ffec tive  approach to  the  com plexities o f  Renaissance technology and 
science. In  th is  lig h t, the questions to  be addressed by those studying the past need n o t 
to  be constra ined to  the rea lm  o f ‘w ha t d id  they do?’ b u t m ay expand o n to  aspects such 
as ‘w hy d id  they do w h a t they did?’ o r even ‘w hy d id  they w rite  w hat they w ro te  about 
w ha t they did?’ M uch  m ore w o rk  is yet to  be done bu t, hope fu lly , th is thesis has o ffe red  
a w ay to  go fo rw ard .
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11.7. The archaeology of science and technology
Perhaps one o f the m ilestones to  rem ain m ore p rom inen tly  in  the a fte rm ath  o f 
th is w o rk  is the new ly defined  archaeology o f  alchem y and chem istry. B y focussing on 
the m ateria l rem ains fro m  the sacristy in  O berstocksta ll, an archaeological approach 
avoided unquestioned assum ptions and started by addressing the practica l side o f 
hum an activities. T h is  led to  independent in fo rm a tio n  about the trade and supply o f 
specialised pieces o f equipm ent, th e ir techn ica l properties, specific uses and 
perform ance, hence o ffe rin g  a p riv ile g e d  v iew  to  the emergence o f the sc ien tific  
laboratory. Besides, the archaeolog ica l rem ains illu s tra te  the transfe r o f utensils and 
skills am ong various realm s o f  early science and industry, w h ils t a llow ing  the 
id e n tifica tio n  o f specific  choices in  raw  m ateria ls and reactions. F ina lly , perhaps m ost 
im portandy, archaeology reveals in fo rm a tio n  regarding the perception  and 
understanding o f d iffe re n t m ateria ls by past peoples. The u ltim a te  aim  o f Renaissance 
chym istry was the understand ing and m an ipu la tio n  o f natu ra l elem ents, and now , 
studying how  d iffe re n t m ateria ls w ere selected and used, we can e ffective ly  assess how  
these practica l activ ities m ay have in fluence d  the ways in  w h ich  th e ir nature and 
properties were perceived.
Just as Renaissance chym ists fo u n d  d iffic u ltie s  in  understanding the m aterials 
they handled and processed, so do w e face the challenge o f com ing to  term s w ith  the 
w ealth o f m aterials they le ft beh ind . E ven  so, the archaeology o f alchem y and chem istry 
is em erging as a fru itfu l com plem entary approach to  the h is to ry  o f science and 
technology. The successful co m b in a tio n  o f  archaeological and h is to rica l sources requires 
defying tra d itio n a l constra in ts and encourag ing system atic co-opera tion  between 
scientists, archaeologists and h is to rians, ye t i t  prom ises a very exciting  fu tu re . I t  is 
eagerly hoped th a t th is  thesis shall serve as an in sp ira tio n  fo r fu rth e r research in  th is 
fie ld .
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Appendix 1. Chemical composition of ceramic matrices
1. Crucibles from Oberstockstall
normalised to 100 w t% , of the ceramic matricesTable 20. Chemical composition by SEM-EDS, 
of crucibles from Oberstockstall.
Na20 MgO Al20 3 Si02 P2O5 so2 Cl k2o CaO Ti02 FeO ZnO Sb20 3
OB 286 0.5 1.1 28.5 55.6 0.2 3.0 - 2.3 3.0 1.4 ■
in -
S td .  d e v . 0 .3 2 0 .6 1 1 .7 3 1 .9 7 0 . 1 4 1 .8 1 - 0 .5 5 1 .0 7 0 .3 3 0 .5 4 -
M a x . 1 .2 2 .5 3 0 .7 5 8 .3 0 . 4 6 .0 - 3 .2 4 .7 2 .0 5 .5 -
M in . 0 .2 0 .8 2 5 .7 5 3 .7 0 . 0 0 . 8 - 1 .6 1 .6 1 .0 3 .8 -
OB 288 0.1 0.6 33.1 58.7 0.4 - - 1.5 0.6 1.1 3.9 -
S td .  d e v . 0 .0 7 0 .0 9 0 .3 4 0 . 3 4 0 .1 2 - - 0 .1 4 0 .0 8 0 .0 6 0 .3 8 -
M ax . 0 .2 0 . 7 3 3 .6 5 9 .2 0 .5 - - 1 .6 0 .7 1 .2 4 .3 -
M in . 0 .0 0 .5 3 2 .9 5 8 .5 0 .3 - - 1 .3 0 .5 1 .1 3 .6 -
OB 290 0.2 0.7 32.2 57.5 0.2 - - 1.9 0.6 1.2 5.3 -
S td .  d e v . 0 .0 6 0 .2 1 0 .9 2 0 .7 7 0 .1 1 - - 0 .2 9 0 .1 6 0 .0 9 0 .3 4 -
M a x . 0 .2 1 .0 3 3 .5 5 8 .3 0 .3 - - 2 .2 0 .9 1 .3 5 .8 -
M in . 0 .1 0 .5 3 1 .2 5 6 .3 0 .1 - - 1 .5 0 .5 1 .1 5 .0 -
OB 307 2.5 0.8 31.2 55.0 0.2 - 0.7 5.5 0.6 1.2 2.4 -
S td .  d e v . 0 .5 4 0 .1 3 0 . 4 0 1 .0 9 0 .0 3 - 0 .0 3 0 .3 4 0 .1 8 0 .1 8 0 .1 4 -
M ax . 3 .3 0 .9 3 1 .8 5 6 .0 0 .2 - 0 .7 5 .9 0 .9 1 .3 2 .6 -
M in . 2 .1 0 . 6 3 0 .8 5 4 .0 0 .2 - 0 .6 5 .1 0 .4 1 .0 2 .2 -
OB 345 0.4 0.5 30.4 57.4 0.3 3.3 - 2.1 0.6 1.3 3.6 -
S td .  d e v . 0 .0 6 0 .1 3 1 .6 2 2 .6 3 0 .1 9 1 .3 5 - 0 .0 8 0 .0 7 0 .1 5 0 .8 4 -
M ax . 0 . 4 0 . 7 3 1 .5 5 9 .4 0 . 4 4 . 8 - 2 .2 0 .7 1 .4 4 .5 -
M in . 0 .3 0 . 4 2 8 .5 5 4 .4 0 .1 2 .2 - 2 .0 0 .5 1 .1 2 .8 -
OB 394 0.1 0.8 30.9 58.5 0.2 - - 2.3 0.6 1.3 5.3 -
S td .  d e v . 0 .1 4 0 .1 4 1 .0 8 1 .7 5 0 .2 8 - - 0 .2 7 0 .1 5 0 .4 0 0 .5 6 -
M a x . 0 .3 1 .0 3 2 .3 6 1 .1 0 . 6 - - 2 .7 0 .8 1 .8 6 .0 -
M in . 0 .0 0 .5 2 9 .1 5 5 .8 0 . 0 - - 1 .9 0 .4 0 .7 4 .2 -
OB 395 0.3 0.7 33.4 56.2 0.3 - 0.2 2.1 0.6 1.3 5.1 -
S td .  d e v . 0 .1 2 0 .3 0 1 .2 3 0 .9 4 0 .1 7 - 0 .1 3 0 .2 3 0 .2 2 0 .2 2 0 .4 6 -
M a x . 0 .5 1 .2 3 5 .2 5 7 .4 0 . 4 - 0 .3 2 .4 0 .8 1 .7 6 .0 -
M in . 0 .1 0 . 4 3 2 .3 5 5 .2 0 .0 - 0 .0 1 .9 0 .3 1 .1 4 .7 -
OB 466 0.5 0.5 32 56.3 0.2 0.2 <0 . 1 2.5 0.7 1.4 5.6 -
S td .  d e v . 0 . 0 6 0 .1 0 1 .0 8 0 .6 8 0 .0 9 0 .0 9 0 .0 7 0 .3 1 0 .2 3 0 .3 1 0 .5 9 -
M a x . 0 . 6 0 . 6 3 3 .5 5 7 .0 0 .3 0 .3 0 .2 3 .0 1 .0 1 .9 6 .7 -
M in . 0 . 4 0 .4 3 0 .5 5 5 .1 0 .1 0 .1 0 .0 2 .1 0 .5 1 .0 4 .9 -
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Table 20 (cont.)
Na20 MgO a i20 3 Si02 p20 5 so2 Cl k2o CaO Ti02 FeO ZnO Sb20 3 PbO
OB 494 2.5 1.2 29.3 55.4 0.3 - 1.2 7.2 0.6 1.2 1.3 - - -
S td .  d e v . 0 .1 1 0 .3 0 3 .5 6 3 .9 5 0 .1 3 - 0 .6 5 0 .2 9 0 .0 5 0 .1 5 0 .1 8 - - -
M ax . 2 .6 1 .5 3 2 .5 5 9 .6 0 .5 - 1 .9 7 .4 0 .6 1 .3 1 .4 - - -
M in. 2 .4 0 .9 2 5 .4 5 1 .8 0 .2 - 0 .6 6 .9 0 .6 1 .0 1 .1 - - -
OB 495 0.2 0.4 32.7 53.9 0.4 - - 1.8 0.6 1.4 7.9 - - 0.7
S td .  d e v . 0 .0 7 0 .1 6 2 .0 4 2 .4 9 0 .1 9 - - 0 .1 8 0 .0 5 0 .2 9 3 .4 5 - - 0 .4 2
M ax . 0 .3 0 .6 3 4 .6 5 6 .2 0 . 6 - - 1 .9 0 .7 1 .7 1 1 .9 - - 1 .2
M in . 0 .2 0 .3 3 0 .5 5 1 .3 0 . 2 - - 1 .6 0 .6 1 .1 5 .8 - - 0 .3
OB 515 0.5 0.7 34.0 57.3 0.5 0.2 0.2 2.5 0.5 1.4 2.5 - - -
S td .  d e v . 0 .0 7 0 .0 9 1 .9 2 1 .5 6 0 .1 5 0 .1 7 0 .0 6 0 .0 8 0 .1 4 0 .1 6 0 .9 5 - - -
M ax . 0 .6 0 .8 3 6 .5 5 9 .2 0 . 7 0 .2 0 .3 2 .6 0 .6 1 .5 3 .9 - - -
M in . 0 .4 0 .5 3 2 .4 5 5 .4 0 . 4 0 . 0 0 .2 2 .5 0 .4 1 .1 1 .7 - - -
OB 519F 0.3 0.7 33.9 56.2 0.4 - - 2.0 1.0 1.1 4.5 - - -
S td .  d e v . 0 .1 1 0 .4 1 1 .3 9 1 .6 0 0 .0 6 - - 0 .3 7 0 .2 7 0 .2 6 0 .3 2 - - -
M ax . 0 .4 1 .5 3 4 .8 5 9 .4 0 .5 - - 2 .7 1 .4 1 .4 5 .1 - - -
M in . 0 .1 0 . 4 3 1 .1 5 5 .0 0 .3 - - 1 .6 0 .7 0 .7 4 .1 - - -
OB 520 1.9 0.7 32.8 54.7 0.4 - CO
6
2.8 0.4 1.3 4.0 - - -
S td .  d e v . 0 .7 1 0 .1 1 0 .8 7 0 .5 1 0 .1 6 - 0 .3 0 .3 5 0 .1 0 0 .4 2 0 .8 6 - - -
M ax . 2 .6 0 .9 3 3 .7 5 5 .1 0 .5 - 1 .3 3 .1 0 .5 1 .9 5 .2 - - -
M in 1 .0 0 .6 3 2 .0 5 4 .0 0 .2 - 0 . 6 2 .3 0 .2 1 .0 3 .2 - - -
OB 560 0.2 0.7 30.8 56.9 0.2 - - 2.8
00o* 1.6 6.1 - - -
S td .  d e v . 0 .1 4 0 .1 4 1 .0 7 1 .7 8 0 .3 3 - - 0 .6 4 0 .2 0 0 .3 0 0 .6 3 - - -
M ax . .  0 . 4 0 .8 3 2 .2 5 8 .8 0 .5 - - 3 .6 1 .0 2 .1 7 .2 - - -
M in. 0 .0 0 .5 2 9 .2 5 4 .0 0 . 0 - - 1 .8 0 .6 1 .2 5 .5 - - -
OB 569 0.3 0.5 34.4 56 0.3 0.6 *0.1 1.5 1.6 1.5 3.3 - - -
S td .  d e v . 0 .0 4 0 .0 6 0 .3 5 0 .6 7 0 .1 0 0 .1 7 0 .0 2 0 .1 9 0 .2 7 0 .1 3 0 .1 2 - - -
M ax . 0 .3 0 .6 3 4 .9 5 6 .7 0 . 4 0 .9 0 .1 1 .8 2 .0 1 .6 3 .4 - - -
M in . 0 .2 0 .5 3 3 .9 5 4 .9 0 .2 0 .5 0 .0 1 .4 1 .3 1 .3 3 .2 - - -
OB n001 0.4 0.8 30.1 55.1 0.2 - - 2.5 1.2 1.5 7.1 0.2 1.0 -
S td .  d e v . 0 .0 8 0 .2 1 .2 6 1 .7 3 0 .1 7 - - 0 .4 3 0 .3 6 0 .2 3 1 .1 8 0 .2 8 0 .1 5 -
M a x . 0 .5 1 .0 3 1 .9 5 7 .1 0 .3 - - 3 .1 1 .7 1 .9 8 .2 0 .5 1 .2 -
M in . 0 .3 0 .5 2 8 .5 5 3 .4 0 . 0 - - 2 .1 0 .9 1 .3 5 .2 0 .0 0 .9 -
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2. Scorifiers from Oberstockstall
Table 21. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of scorifiers from Oberstockstall.
Na20 MgO a i20 3 Si02 p20 5 so2 Cl k2o CaO Ti02 FeO As20 3 Sn02
OB 268 0.2 0.7 33.2 58.9 0.3 - - 1.8 0.6 0.6 3.6 - -
S td .  d e v . 0 .0 5 0 .0 2 0 .6 8 0 .8 5 0 .2 1 - - 0 .3 8 0 .0 6 0 .1 5 0 .1 7 - -
M ax . 0 .3 0 .7 3 3 .9 5 9 .6 0 . 7 - - 2 .3 0 .7 0 .9 3 .8 - -
M in . 0 .2 0 .6 3 2 .3 5 7 .9 0 . 2 - - 1 .4 0 .5 0 .5 3 .4 - -
OB 269 0.4 1.0 26.0 62.8 0.3 - - 1.8 2.2 0.8 4.3 0.2 0.3
S td .  d e v . 0 .2 5 0 .2 0 1 .7 3 2 .8 0 0 .1 3 - - 0 .2 3 0 .7 8 0 .0 9 0 .2 7 0 .2 3 0 .1 2
M a x . 0 .9 1 .3 2 8 .4 6 6 .3 0 . 4 - - 2 .2 3 .4 0 .9 4 .7 0 .4 0 . 4
M in . 0 .3 0 .8 2 3 .7 5 9 .0 0 .1 - - 1 .6 1 .4 0 .7 4 .1 0 .0 0 .1
OB 276 0.3 0.4 31.4 59.6 0.1 - 0.2 1.9 0.7 0.7 4.8 - -
S td .  d e v . 0 .0 5 0 .0 8 1 .3 5 1 .3 8 0 .1 5 - 0 .0 6 0 .1 0 0 .1 6 0 .0 6 0 .2 6 - -
M ax . 0 .3 0 .5 3 3 .3 6 0 .6 0 . 2 - 0 .3 2 .0 0 .9 0 .8 5 .1 - -
M in . 0 .2 0 .3 3 0 .2 5 7 .6 0 . 0 - 0 .1 1 .8 0 .6 0 .6 4 .5 - -
OB 277 0.2 0.5 32.3 59.2 0.2 - - 1.6 0.7 0.7 4.5 - -
S td .  d e v . 0 .1 3 0 .0 6 1 .4 0 1 .6 4 0 .1 0 - - 0 .2 0 0 .1 5 0 .1 0 0 .1 3 - -
M ax . 0 .3 0 .6 3 4 .0 6 1 .3 0 .3 - - 1 .9 0 .9 0 .8 4 .6 - -
M in . 0 .1 0 .4 3 0 .6 5 7 .4 0 .1 - - 1 .4 0 .6 0 .7 4 .3 - -
OB 279 0.3 0.7 30.5 56.8 0.3 - - 2.0 0.8 1.5 7.1 - -
S td .  d e v . 0 .1 8 0 .1 1 1 .1 9 1 .2 0 0 .0 9 - - 0 .1 2 0 .1 0 0 .2 1 0 .3 1 - -
M ax . 0 .5 0 .9 3 1 .4 5 8 .2 0 . 4 - - 2 .1 0 .9 1 .7 7 .5 - -
M in . 0 .1 0 .6 2 8 .8 5 5 .4 0 . 2 - - 1 .8 0 .7 1 .2 6 .8 - -
OB 281 0.2 0.4 32.0 59.7 0.3 - - 1.9 0.6 0.5 4.6 - -
S td .  d e v . 0 .1 5 0 .0 7 1 .5 9 2 .0 3 0 .1 2 - - 0 .0 3 0 .2 1 0 .1 8 0 .4 2 - -
M ax . 0 .3 0 .5 3 3 .1 6 1 .9 0 . 4 - - 1 .9 0 .8 0 .7 4 .9 - -
M in . 0 .1 0 .3 3 0 .2 5 8 .1 0 .1 - - 1 .9 0 .4 0 .3 4 .1 - -
OB 282 0.3 0.5 30.1 61.6 0.3 - - 2.1 0.6 0.6 4.1 - -
S td .  d e v . 0 .0 5 0 .1 1 0 .6 2 0 .7 2 0 .1 1 - - 0 .4 1 0 .2 0 0 .0 7 0 .1 1 - -
M ax . 0 .3 0 .6 3 0 .9 6 2 .4 0 .5 - - 2 .6 0 .7 0 .7 4 .3 - -
M in . 0 .2 0 . 4 2 9 .5 6 0 .6 0 . 2 - - 1 .7 0 .3 0 .6 4 .0 - -
OB 284 1.0 0.4 33.4 55.7 0.3 - - 2.0 0.5 1.3 5.4 - -
S td .  d e v . 0 .3 8 0 .1 2 1 .1 2 0 .3 9 0 .2 5 - - 0 .2 8 0 .1 5 0 .3 8 0 .5 4 - -
M a x . 1 .3 0 .6 3 4 .3 5 6 .1 0 . 6 - - 2 .4 0 .7 1 .8 5 .9 - -
M in . 0 .4 0 .3 3 1 .6 5 5 .2 0 .1 - - 1 .7 0 .3 0 .9 4 .6 - -
OB n006 1.0 0.3 31.7 53.4 0.2 0.5 0.1 5.8 0.5 1.1 3.8 1.7 -
S td .  d e v . 0 .3 8 0 .1 5 1 .1 8 1 .1 2 0 .1 2 0 .1 2 0 .0 8 1 .0 8 0 .1 7 0 .2 2 0 .7 0 1 .2 3 -
M a x . 1 .5 0 .5 3 3 .3 5 5 .1 0 .3 0 .6 0 .2 7 .4 0 .7 1 .4 5 .0 3 .6 -
M in . 0 .5 0 . 0 3 0 .1 5 1 .9 0 . 0 0 .2 0 .0 4.4 0 .2 0 .8 3 .2 0 .3 -
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3. Cupels from Oberstockstall
Table 22. Chemical composition by SEM-EDS, normalised to 100 w t% , of the white powder 
interpreted as raw material for making cupels (OB 925), the unused cupel (OB 937), and the top 
layer of the latter (OB 937*), all from Oberstockstall.
MgO Al20 3 Si02 P2O5 so2 Cl K20 CaO MnO FeO CuO ZnO Ag PbO
OB 925 1.9 3.3 11.8 2 6 .4 3.7 0 .4 1.1 44 .8 - 4 .6 2.2 - 10.2 -
S td .  d e v . 0 .8 1 1 .0 4 2 .9 1 2 .0 1 0 . 7 7 0 .2 9 0 .3 7 2 .5 2 - 1 .5 4 1 .3 5 - 0 .0 6 -
M ax . 3 .2 5 .5 1 7 .9 2 8 .9 5 .5 0 . 7 1 .9 4 7 .8 - 8 .1 4 .5 - 0 .2 -
M in . 0 .0 1 .8 7 .1 2 1 .5 2 .5 0 . 0 0 .6 3 8 .6 - 3 .3 0 .0 - 0 .0 -
OB 937 3.5 2.3 13.5 12.1 0.3 1.3 64 .6 - 1.8 0.9 0.1 - 0 .7
S td .  d e v . 0 .5 9 0 .5 3 3 .0 6 6 .4 2 0 .5 7 - 0 .4 1 2 .3 1 - 0 .4 8 0 .3 5 0 .2 4 - 0 .3 4
M ax . 4 .3 2 .8 1 6 .0 2 6 .1 1 .2 - 1 .8 6 7 .5 - 2 .3 1 .3 0 .5 - 1 .3
M in . 2 .3 1 .3 7 .1 8 .1 0 . 0 - 0 .5 6 1 .1 - 0 .8 0 .2 0 .0 - 0 .2
OB 937*
Oin 3 .3 18.6 9.7 0.3 1.3 59.7 0.3 1.8 - - - -
S td .  d e v . 1 .7 9 0 .9 1 3 .2 3 2 .8 8 0 .4 8 - 0 .2 5 8 .2 1 0 .4 8 0 .6 3 - - - -
M ax . 6.5 4 .2 2 1 .4 1 3 .5 1 .1 - 1 .6 7 5 .6 1 .0 2 .9 - - - -
M in. 1 .6 1 .6 1 2 .6 6 .2 0 . 0 - 1 .0 5 3 .8 0 .0 1 .4 - - - -
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Table 23. Chemical composition by SEM-EDS, normalised to 100 wt%, of the larger crystals identified within the white powder interpreted as raw
material for making cupels (OB 925) and the fabric of the unused cupel (OB 937) from Oberstockstall.
N a z O M g O A l 2 0 3 S i 0 2 P 2O 5 S 0 2 C l k 2 o C a O T i 0 2 M n O F e O C u O A s 20 3 A g P b O
O B  9 2 5  1 - - 2 . 1 5 . 0 1 1 . 0 2 5 . 6 - - 5 2 . 4 - - 3 . 9 - - - -
2 - 0 . 2 0 . 4 1 . 4 1 4 . 6 1 . 1 0 . 3 0 . 2 7 8 . 8 - - 1 . 4 1 . 6 - - -
3 - 1 . 2 1 . 2 8 . 5 2 7 . 7 2 . 2 0 . 9 0 . 5 5 4 . 4 - - 3 . 2 0 . 5 - - -
4 - 2 . 0 1 . 9 8 . 2 3 1 . 5 1 . 3 0 . 8 0 . 6 4 8 . 8 - - 3 . 9 1 . 7 - - -
5 - 1 . 9 5 . 4 3 1 . 7 1 5 . 8 8 . 7 0 . 4 1 . 4 2 8 . 9 - - 2 . 6 2 . 6 1 . 0 - -
6 - 2 . 1 3 . 2 2 6 . 6 2 5 . 7 1 . 3 - 2 . 1 1 5 . 5 - - 1 8 . 9 2 . 2 2 . 6 - -
7 - 2 . 8 1 . 4 4 . 8 3 7 . 9 1 . 6 - 0 . 3 4 9 . 2 - - 1 . 0 0 . 9 - - -
8 - 0 . 8 0 . 8 1 . 3 3 6 . 5 0 . 7 0 . 4 - 5 8 . 5 - - - 1 . 1 - - -
9 - 1 . 2 8 . 4 3 4 . 4 1 7 . 8 1 . 5 - 1 . 0 3 3 . 4 - - 2 . 2 - - -
1 0 - - - 4 . 5 1 4 . 0 - - - 6 8 . 0 - - 1 3 . 4 - - -
1 1 - 2 . 1 - 5 . 3 4 0 . 1 - - 0 . 5 4 9 . 0 - - 1 . 2 - 1 . 9 - -
1 2 - 1 . 3 3 . 5 8 . 2 3 5 . 6 - - 0 . 6 4 8 . 2 - - 2 . 8 - - - -
1 3 - 1 . 2 - 4 2 . 7 2 7 . 2 - - - 2 8 . 9 - - - - - - -
1 4 - 1 . 8 4 . 7 4 6 . 0 1 7 . 7 2 . 3 - 1 . 3 2 2 . 9 - - 3 . 3 - - - -
O B  9 3 7  1 0 . 4 1 . 2 0 . 4 2 . 1 3 7 . 0 - 0 . 1 - 5 6 . 6 - - 0 . 4 - - 0 . 6 -
2 - 0 . 9 0 . 4 2 . 4 2 8 . 2 0 . 6 - - 6 6 . 5 - - - - - - 1 . 0
3 - 1 . 6 0 . 5 4 . 1 3 2 . 8 - 0 . 4 - 6 0 . 0 - - 0 . 6 - - - -
4 0 . 3 3 . 7 3 . 0 1 5 . 5 8 . 2 0 . 6 - 1 . 8 6 2 . 9 - - 3 . 3 - - - 0 . 9
5 - 0 . 3 0 . 5 4 . 1 1 . 4 0 . 7 - 0 . 8 9 0 . 0 - - 2 . 3 - - - -
6 - 2 . 2 1 . 1 7 . 6 4 . 7 0 . 7 - 0 . 6 8 2 . 2 - - 1 . 0 - - - -
7 0 . 7 4 . 2 1 0 . 0 2 4 . 5 3 . 0 0 . 6 - 9 . 2 3 5 . 9 2 . 0 - 8 . 9 - - - -
8 - 7 . 8 6 . 5 4 0 . 2 6 . 9 0 . 5 - 1 . 4 3 0 . 6 - - 5 . 0 1 . 0 - - -
9 - 2 . 0 1 . 3 8 . 3 7 . 0 0 . 7 - 0 . 7 7 7 . 8 - 0 . 4 0 . 9 0 . 8 - - -
1 0 - 3 . 6 3 . 0 1 5 . 8 7 . 9 - - 1 . 7 6 6 . 1 - - 1 . 1 - - - -
Table 24. Chemical composition by SEM-EDS, normalised to 100 wt%, of submetallic particles identified within the white powder interpreted as raw
material for making cupels (OB 925) and the fabric of the unused cupel (OB 937) from Oberstockstall.
Na20 MgO Al20 3 Si02 P2O5 S02 Cl k2o CaO Ti02 MnO FeO NiO CuO ZnO As20 3 Br Ag Sn02 Sb20 3 PbO
OB 925 1 - 0.9 1.8 11.6 6.6 * 2.9 0.3 11.0 - - 1.2 - 54.5 3.8 1.5 - - - - 3.9
2 - 2.1 - 5.0 7.8 16.2 - 0.4 9.2 - 0.6 53.6 - 2.3 - 0.7 1.3 0.9 - - -
3 - 0.9 0.6 3.6 10.8 1.2 0.4 - 14.0 - - 4.8 1.3 46.7 6.4 0.8 - - 7.5 - 1.2
4 - 1.6 1.5 4.1 6.0 1.2 - - 7.0 - - 1.0 - 1.0 - - - - 76.7 - -
5 - 0.9 - 2.4 13.5 1.1 - - 16.4 - - 0.9 - 63.9 - - 1.0 - - - -
6 - - - - 4.2 - - - 26.2 - - 48.2 - 14.9 - 0.2 - - - - 6.4
7 - - 1.3 2.8 6.2 - 2.2 1.4 47.3 - - 3.6 - 13.7 - - - - - - 21.5
8 - 3.0 1.1 3.3 4.7 - 3.1 - 9.4 - 0.8 45.0 - 16.2 13.6 - - - - - -
9 - - - 4.3 14.4 - 1.6 - 25.5 - - 0.8 - - - 13.6 1.5 - - - 38.5
10 - - 2.5 10.4 5.9 3.1 9.8 - 9.3 - - 1.8 - 37.1 3.6 6.5 - - 4.4 - 5.6
11 - - 3.7 7.4 22.3 1.5 2.4 0.8 32.3 - - 0.8 - 5.4 - 9.4 - - - - 14.1
12 - - 1.1 5.4 19.7 1.4 1.6 - 40.3 - - 2.1 - 16.8 - 3.3 - - - - 8.3
13 - - - 5.7 32.4 2.1 0.6 0.5 43.8 - - 2.4 - 1.0 - 3.4 1.4 1.1 - - 5.6
14 - 1.4 2.3 13.2 25.4 1.2 0.7 1.0 51.7 - - 3.1 - - - - - - - - -
15 - 2.1 3.0 6.7 24.6 1.6 1.8 - 31.5 - - 1.0 - 27.6 - - - - - - -
OB 937 1 0.3 1.1 0.7 3.6 1.9 - - - 25.4 - - 0.3 - 0.6 - - - - - 61.1 5.1
2 - 4.6 1.6 12.3 3.0 - 0.5 1.8 3.6 2.5 - 45.7 - 2.0 - - - - 4.4 - 17.8
3 - - 1.5 61.8 8.9 - 0.3 1.0 16.5 - - 1.4 - - - 2.5 - - - - 6.1
4 - 0.9 - 2.4 1.0 - - - 5.4 - - 5.0 - - - - - - 85.3 - -
5 - 1.6 0.7 4.7 1.9 - - - 30.8 - - 0.7 - - - - - - - 59.7 -
6 - 4.9 3.6 9.2 1.4 - - - 26.8 - - 3.0 - 1.0 - - - - - 48.9 1.2
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4. Comparative material from Oberstockstall
Table 25. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of artefacts from the Oberstockstall assemblage used as comparative material.
Na20 MgO ai20 3 Si02 P2O5 so2 Cl k2o CaO Ti02 FeO
OB 17 (capital) 0.3 0.7 26.0 65.6 0 . 2 - - 1.7 1 . 1 1.4 2.9
S td .  d e v . 0 .1 3 0 .0 6 1 .2 1 1 .7 4 0 .0 4 - - 0 .2 2 0 .3 1 0 .2 0 0 .1 8
M ax . 0 .5 0 . 8 2 7 .5 6 8 .3 0 .3 - - 2 .0 1 .6 1 .8 3 .1
M in . 0 .1 0 . 6 2 4 .5 6 4 .1 0 .2 - - 1 .5 0 .8 1 .3 2 . 7
OB 362 (stamped) 0 . 2 1 . 0 27.1 59.0 0 . 2 - - 1.7 1 . 0 1.4 8.3
S td .  d e v . 0 .1 0 0 .2 1 0 .7 0 1 .0 3 0 .1 1 - - 0 .1 7 0 .3 3 0 .1 3 0 .4 3
M ax . 0 . 4 1 .2 2 7 .6 6 0 .0 0 . 4 - - 1 .9 1 .6 1 .6 8 .8
M in . 0 .1 0 . 7 2 5 .9 5 7 .3 0 .1 - - 1 .5 0 .8 1 .2 7 .9
OB 389 (unstamped) 0.3 0.9 31.8 55.0 0 . 2 1.3 - 1.7 3.7 0.7 4.4
S td .  d e v . 0 .1 1 0 .1 1 0 .7 0 0 .4 7 0 .1 3 0 .2 3 - 0 .0 8 0 .5 7 0 .1 3 0 .1 1
M ax . 0 .5 1 .0 3 2 .4 5 5 .5 0 .3 1 .5 - 1 .8 4 .4 0 .8 4 .5
M in . 0 .2 0 . 8 3 0 .9 5 4 .6 0 .0 1 .0 - 1 .6 3 .1 0 .5 4 .3
OB n002 (cucurbit) 0.5 0.4 23.1 66.7 0.2 - - 5.2 0.4 1.1 2.4
S td .  d e v . 0 . 0 4 0 .1 3 1 .8 7 1 .9 6 0 .0 6 - - 0 .2 7 0 .0 6 0 .4 9 0 .1 0
M ax . 0 .5 0 . 6 2 5 .1 6 8 .1 0 .2 - - 5 .4 0 .5 1 .7 2 .4
M in . 0 . 4 0 . 3 2 1 .4 6 4 .5 0 .1 - - 4 .9 0 .4 0 .8 2 .2
OB n003 (orange pot) 0.2 0.5 31.8 59.5 0.2 - - 1.2 1.8 0.7 4.2
S td .  d e v . 0 . 0 6 0 .0 2 1 .0 9 1 .2 2 0 .1 0 - - 0 .1 6 0 .3 1 0 .2 4 0.11
M ax . 0 . 2 0 .5 3 3 .0 6 0 .3 0 .3 - - 1 .4 2 .2 0 .8 4.3
M in . 0 .1 0 .5 3 1 .1 5 8 .1 0 .2 - - 1 .1 1 .6 0 .4 4.1
OB n004 fsandbath') 0.2 0.7 32.0 56.1 0.2 - - 1.9 1.1 1.6 6.4
S td .  d e v . 0 . 0 8 0 .1 1 1 .7 1 2 .0 4 0 .1 5 - - 0.20 0 .5 5 0 .3 9 0 .2 2
M ax . 0 .3 0 .9 3 4 .6 5 9 .3 0 . 4 - - 2.1 1 .9 2 .3 6 .7
M in . 0 .1 0 .6 2 9 .8 5 4 .3 0 . 0 - - 1.5 0 .6 1 .2 6 .1
OB n005 ('trumpet') 0.3 0.9 20.9 69.6 0.1 - - 2.1 1.6 1.6 2.9
S td .  d e v . 0 . 2 0 0 .2 5 2 .5 3 2 .9 8 0 .1 0 - - 0 .1 8 0 .4 7 0 .2 7 0 .1 5
M ax . 0 . 7 1 .3 2 3 .7 7 3 .9 0 .2 - - 2 .3 2 .4 1 .9 3 .1
M in. 0 .2 0 . 7 1 7 .5 6 6 .3 0 .0 - - 1 .9 1 .2 1 .2 2 .7
lute OB 495 (crucible) 0.5 4.6 11.8 44.0 0.9 0.6 0.8 0.8 24.3 1.0 10.8
S td .  d e v . 0 .1 7 1 .5 5 1 .0 4 1 0 .3 8 0 .2 8 0 .2 6 0 .4 6 0 .0 6 4 .3 0 1 .2 2 6 .2 1
M ax . 0 . 6 6 .0 1 2 .7 5 5 .9 1 .1 0 .9 1 .3 0 .8 2 9 .2 2 .4 1 7 .7
M in . 0 .3 3 .0 1 0 .7 3 7 .9 0 .6 0 .4 0 .4 0 .7 2 1 .1 0 .2 5 .7
lute OB n002 (cucurbit) 0.7 3.6 9.2 51.6 0.4 - 0.4 4.2 25.5 0.3 4.0
S td .  d e v . 0 . 2 8 1 .2 9 1 .2 4 1 1 .3 1 0 .0 1 - 0 .0 0 0 .8 3 7 .1 3 0.11 0 .6 1
M ax . 0 . 9 4 .6 1 0 .1 5 9 .6 0 .4 - 0 .4 4 .8 3 0 .6 0 .4 4 .5
M in . 0 . 5 2 .7 8 .4 4 3 .6 0 .4 - 0 .4 3 .6 2 0 .5 0 .3 3 .6
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5. Ceramic artefacts from Obernzell
Table 26. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of artefacts from Obernzell.
Na20 MgO ai20 3 Si02 P 2 O 5 so2 k2o CaO Ti02 FeO
OBZL 01 (crucible) 1 . 1 1 . 0 27.7 58.3 0.4 - 2.5 0.9 1 . 2 6.9
S td .  d e v . 0 .3 2 0 .7 5 0 .5 1 2 .1 0 0 .1 7 - 0 .4 6 0 .2 9 0 .3 2 1 .2 8
M ax . 1 .5 2 .2 2 8 . 4 6 1 .3 0 .5 - 3 .1 1 .4 1 .6 8 .2
M in . 0 . 8 0 .3 2 7 .1 5 5 .6 0 .1 - 2 .1 0 . 7 0 .8 4 .9
OBZL 02 (handle) 0.4 0.7 26.6 55.3 4.9 0 . 8 1.3 3.0 1 . 2 5.9
S td .  d e v . 0 .1 1 0 .1 8 1 .0 5 1 .4 5 1 .2 1 0 .9 9 0 .1 0 0 .2 0 0 .2 0 0 .3 8
M a x . 0 .5 1 .0 2 8 .3 5 7 .1 6 .3 2 .4 1 .5 3 .2 1 .5 6 .3
M in . 0 . 2 0 . 4 2 5 .2 5 3 .7 3 .6 0 .0 1 .2 2 .7 0 .9 5 .3
OBZL 03 (lid) 0.7 1 . 2 26.0 58.4 1 . 0 - 2 . 1 1 . 1 1.3 8 . 2
S td .  d e v . 0 .2 7 0 . 1 4 0 .1 7 0 .8 9 0 .2 1 - 0 .2 3 0 .2 0 0 .1 0 0 .5 1
M ax . 1 .1 1 .4 2 6 .3 5 9 .5 1 .2 - 2 .3 1 .4 1 .4 8 .9
M in . 0 .5 1 .1 2 5 .9 5 7 .3 0 .7 - 1 .8 0 .9 1 .1 7 .8
OBZL 04 (rim) 0.3 0.7 28.2 55.1 0 . 6 - 1 . 6 1.4 1 . 6 10.5
S td .  d e v . 0 .2 2 0 .1 0 0 . 5 7 1 .1 4 0 .3 9 - 0 .1 5 0 .1 8 0 .2 0 0 .8 8
M a x . 0 . 6 0 . 8 2 8 .8 5 6 .2 1 .1 - 1 .8 1 .6 1 .9 1 1 .8
M in . 0 .1 0 . 6 2 7 .4 5 3 .5 0 .3 - 1 .4 1 .2 1 .4 1 0 .0
6. Crucibles from the Old Ashmolean laboratory, Oxford
Table 27. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of crucibles from the Old Ashmolean laboratory.
Na20 MgO ai20 3 Si02 P 2 O 5 k2o CaO Ti02 FeO
OX 1422 0.3 0 . 8 28.9 55.5 0 . 2 2 . 6 0.9 1.4 9.3
S td .  d e v . 0 .1 3 0 . 2 4 1 .1 1 1 .0 4 0 .1 1 0 .4 1 0 .1 3 0 .1 6 0 .6 0
M ax . 0 .5 1 .1 2 9 .9 5 7 .1 0 . 4 3 .1 1 .0 1 .6 9 .9
M in . 0 .1 0 . 4 2 6 .8 5 4 .1 0 .1 2 .0 0 .7 1 .2 8 .2
OX 1413 0.4 0 . 2 36.4 58.0 0 . 2 1.9 0 . 2 1 . 6 1 . 2
S td .  d e v . 0 .0 9 0 .0 9 0 .4 2 0 .4 2 0 .1 5 0 .0 4 0 .0 6 0 .3 5 0 .1 3
M a x . 0 .5 0 .3 3 6 .9 5 8 .6 0 .3 2 .0 0 .3 2 .1 1 .3
M in . 0 .3 0 .1 3 5 .8 5 7 .5 0 . 0 1 .9 0 .1 1 .2 1 .0
OX n001 0 . 2 0.5 36.5 57.1 0 . 2 1.4 0 . 2 2 . 0 2 . 0
S td .  d e v . 0 . 0 4 0 .0 7 0 .4 7 0 .5 2 0 .1 4 0 .0 8 0 .1 0 0 .1 8 0 .1 1
M a x . 0 . 2 0 . 6 3 7 .0 5 8 .0 0 . 4 1 .5 0 .4 2 .2 2 .1
M in . 0 . 2 0 .5 3 6 .0 5 6 .6 0 .1 1 .3 0 .1 1 .7 1 .9
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7. Crucibles from Groftalmerode
Table 28. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of crucibles from GroBalmerode.
Na20 MgO ai20 3 Si02 P2O5 k2o CaO Ti02 FeO
GroB 52205Z 0 . 1 0.5 37.5 56.5 0.4 1 . 2 0.3 1.9 1.7
S td .  d e v . 0 .1 0 0 .1 0 0 .4 6 0 .4 3 0 .1 4 0 .1 6 0 .0 5 0 .0 4 0 .0 9
M ax . 0 .2 0 . 7 3 8 .2 5 7 .1 0 . 6 1 .4 0 .4 1 .9 1 .9
M in . 0 .0 0 . 4 3 7 .0 5 5 .8 0 .2 1 .0 0 .2 1 .8 1 .6
GroB 52207V 0 . 1 0.5 36.9 56.8 0 . 2 1.5 0.3 1.9 1.9
S td .  d e v . 0 .0 9 0 .1 2 0 .2 1 0 . 2 4 0 .1 1 0 .5 1 0 .0 8 0 .1 2 0 .1 5
M a x . 0 .2 0 . 6 3 7 .2 5 7 .1 0 . 4 2 .4 0 .4 2 .1 2 .1
M in . 0 .0 0 .3 3 6 .7 5 6 .5 0 .2 1 .2 0 .2 1 .8 1 .7
8. Crucibles from the Cripplegate Buildings, London
Table 29. Chemical composition by SEM -EDS, normalised to 100 w t% , of the ceramic matrices 
of crucibles from the Cripplegate Buildings.
Na20 MgO ai20 3 Si02 P 2 O 5 k2o CaO Ti02 FeO ZnO
WFG 118/107 0 . 2 0 . 2 17.8 77.3 0 . 1 1 . 2 0.4 1 . 2 1 . 0 0.7
S td .  d e v . 0 .1 4 0 .0 9 1 .9 1 2 .4 7 0 .1 3 0 .1 9 0 .0 8 0 .1 5 0.12 0 .5 4
M a x . 0 .4 0 .3 2 1 .2 7 9 .6 0 .2 1 .5 0 .5 1 .5 1.1 1 .5
M in . 0 .0 0 .1 1 5 .8 7 3 .4 0 . 0 1 .0 0 .3 1 .1 0.8 0 .1
WFG 118/114 0.7 0 . 8 23.9 68.5 0.3 2 . 1 0.7 1.3 1.7 -
S td .  d e v . 0 .1 6 0 .1 2 1 .0 8 1 .8 8 0 .1 7 0 .1 3 0 .0 8 0 .2 1 0 .2 0 -
M a x . 0 .9 1 .0 2 4 .9 7 1 .7 0 .5 2 .2 0 .8 1 .6 1 .9 -
M in . 0 .5 0 . 7 2 2 .1 6 6 .9 0 . 0 1 .9 0 .6 1 .0 1 .5 -
WFG 18/116 0.5 0.5 36.6 57.0 0.3 1 . 2 0 . 2 1 . 8 2 . 0 -
S td .  d e v . 0 .1 5 0 .0 5 0 .3 8 0 .5 0 0 .0 5 0 .2 9 0 .0 8 0 .0 7 0 .3 1 -
M ax . 0 .6 0 .5 3 7 .2 5 7 .6 0 . 4 1 .7 0 .3 1 .9 2 .4 -
M in . 0 .3 0 . 4 3 6 .3 5 6 .4 0 .3 1 .0 0 .1 1 .7 1 .7 -
WFG 118/121 0.3 1 . 2 2 2 . 6 6 6 . 1 0 . 1 4.3 0.5 1 . 0 3.8 -
S td .  d e v . 0 .1 3 0 .0 8 1 .3 9 1 .5 6 0 .1 1 0 .3 9 0 .0 4 0 .3 4 0 .4 2 -
M a x . 0 .5 1 .3 2 4 .2 6 8 .2 0 .2 4 . 7 0 .6 1 .4 4 .3 -
M in . 0 .2 1 .1 2 0 .9 6 4 .4 0 . 0 4 . 0 0 .5 0 .6 3 .3 -
WFG 18/129 0 . 1 0.5 36.9 56.8 0.3 1 . 2 0 . 2 1 . 8 2 . 2 -
S td .  d e v . 0 . 0 4 0 .0 8 0 .4 0 0 .3 4 0 .1 2 0 .2 3 0 .1 1 0 .0 7 0 .2 5 -
M a x . 0 . 2 0 . 6 3 7 .4 5 7 .3 0 . 4 1 .5 0 .3 1 .9 2 .6 -
M in . 0 .1 0 . 4 3 6 .3 5 6 .3 0 .1 0 .9 0.0 1 .7 1 .9 -
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9. Crucibles from Jamestown
Table 30. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of crucibles from Jamestown.
Na20
oon3 Al20 3 Si02 P2O5 k2o CaO Ti02 FeO
A631/CC2 0 . 1 0.5 35.6 57.8 0.4 1 . 2 0.4 2 . 2 1.7
S td .  d e v . 0 .0 3 0 .0 3 0 .6 8 0 .7 6 0 .0 3 0 . 1 4 0 .0 5 0 .1 1 0 .0 8
M ax . 0 .2 0 . 6 3 6 .0 5 8 .9 0 . 4 1 .4 0 .5 2 .3 1 .8
M in . 0 .1 0 .5 3 4 .6 5 7 .2 0 .3 1 .1 0 .4 2 .1 1 .7
JR 1024/CC3 0 . 2 0.4 36.8 56.4 0.3 1.5 0 . 2 1.9 2.3
S td .  d e v . 0 .0 4 0 .1 4 0 .2 8 0 .4 3 0 . 0 8 0 .5 1 0 .0 4 0 .0 6 0 .7 7
M a x . 0 .2 0 .5 3 7 .0 5 6 .9 0 . 4 1 .9 0 .2 1 .9 3 .2
M in . 0 .1 0 .3 3 6 .5 5 6 .1 0 . 3 0 . 9 0 .2 1 .8 1 .8
JR 124F/C1 0 . 2 0.5 36.8 57.1 0 . 2 1 . 1 0.4 ro *o 1 . 8
S td .  d e v . 0 .0 5 0 .0 6 0 .1 8 0 .3 5 0 . 1 4 0 .0 8 0 .0 6 0 .0 8 0 .1 9
M ax . 0 .2 0 .6 3 7 .0 5 7 .5 0 . 4 1 .2 0 .4 2 .1 1 .9
M in . 0 .1 0 .5 3 6 .7 5 6 .8 0 .1 1 .1 0 .3 1 .9 1 .5
10. Crucible from Casa da Moeda, Porto
Table 31. Chemical composition by SEM -EDS, normalised to 100 w t% , of the ceramic matrix of 
a crucible from the Porto M int.
Na20 MgO ai2o 3 Si02 p2o«i K20 CaO Ti02 FeO
Porto Cl/91/3032/60 0.2 0.7 36.6 56.9 0 . 1 1.4 0.3 1 . 8 2 . 0
S td .  d e v .  0 . 0 5 0 .1 5 0 .3 5 0 .5 5 0 .0 8 0 .1 5  0 .0 9 0 .2 0 0 .1 4
M a x . 0 . 2 0 .9 3 6 .8 5 7 .5 0 .2 1 .6  0 .4 2 .0 2 .2
M in . 0 .1 0 .5 3 6 .1 5 6 .2 0 . 0 1 .3  0 .2 1 .6 1 .8
11. Crucible from Weyerstralle, Cologne
Table 32. Chemical composition by SEM -EDS, normalised to 100 w t% , of the ceramic mati
a crucible from Cologne.
Na20  MgO ai20 3 Si02 P2O5 Cl K20  CaO Ti02 FeO
D-94/4/s 1 0.5 0.5 25.2 65.3 0.5 0.5 3.0 0.8 1.7 2 . 1
S td .  d e v .  0 . 1 3  0 . 1 8 0 .3 4 0 .5 4 0 .0 6 0 .0 5 0 .1 4  0 .2 2 0.11 0 .1 6
M a x . 0 . 6  0 . 8 2 5 .6 6 5 .9 0 .5 0 .6 3 .2  1 .0 1.8 2 .3
M in . 0 . 3  0 . 4 2 4 .8 6 4 .8 0 .4 0 .5 2 .9  0 .6 1.6 1 .9
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12. Crucibles from Burgsteinfurt
Table 33. Chemical composition by SEM-EDS, normalised to 100 w t% , of the ceramic matrices 
of crucibles from Burgsteinfurt.
Nd20 MgO A120 3 Si02 p20 5 k2o CaO Ti02 FeO CuO ZnO
BGF 01 0.2 0.5 36.7 56.3 0.1 1.4 0.5 2.0 1.9 <0.1 0.3
S td .  d e v . 0 .0 9 0 .1 0 0 .2 0 0 . 3 0 0 .1 3 0 .2 6 0 .0 2 0 .0 6 0 .1 7 0 .0 8 0 .2 2
M ax . 0 .3 0 . 6 3 6 .9 5 6 .8 0 .3 1 .8 0 .5 2 .1 2 .2 0 .1 0 . 7
M in. 0 .1 0 . 4 3 6 .4 5 6 .0 0 . 0 1 .1 0 .5 2 .0 1 .8 0 .0 0 .2
BGF 02 0.1 0.5 36.3 57.0 0.3 1.7 0.4 2.0 1.6 - 0.3
S td .  d e v . 0 .0 4 0 .0 3 0 .4 7 0 .3 7 0 .0 8 0 .1 7 0 .0 2 0 .1 3 0 .1 4 - 0 .3 0
M a x . 0 .2 0 .5 3 6 .7 5 7 .5 0 . 4 1 .9 0 .4 2 .1 1 .8 - 0 .7
M in. 0 .1 0 . 4 3 5 .6 5 6 .6 0 .2 1 .5 0 .4 1 .8 1 .4 - 0 .0
BGF 03 0.2 0.5 37.6 56.0 0.3 1.6 0.4 1.8 1.5 - 0.1
S td .  d e v . 0 .1 1 0 . 0 4 0 .1 1 0 .3 3 0 .0 9 0 .2 8 0 .0 8 0 .0 7 0 .1 1 - 0 .0 7
M ax . 0 .3 0 .5 3 7 .7 5 6 .3 0 . 4 2 .1 0 .6 1 .9 1 .7 - 0 .3
M in . 0 .1 0 . 4 3 7 .5 5 5 .5 0 .2 1 .4 0 .3 1 .8 1 .4 - 0 .0
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Appendix 2. Analytical details of metallurgical residues
Note:
This A ppend ix  is presented fo r docum enta tion  purposes only, to  illustrate the range o f  
m etaUurgical/chym ical activ ities carried o u t in  the technical ceramics, and to  p rovide 
supportive analytical data fo r  the few  m eta llurg ica l residues discussed w ith in  the text. 
The more com prehensive discussion and in te rp re ta tion  o f  the specifics o f  each 
metallurgical reaction, and o f  the re levant technolog ica l contexts, fa ll beyond the scope 
o f  this thesis, and are there fore  le ft o u t fo r  fu tu re  w ork.
1. Oberstockstail 
Crucible OB 494
Figure 192. Interface 
between the crucible and 
the adhering slag (OB  
494/s 1, BSE, 50x). SEM- 
EDS analytical results for 
the spots and areas 
marked are given in the 
table below.
1mm
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Figure 193. Detail of the 
slag (OB 494/s 1, BSE, 
800x). Analytical results 
for the spots and areas 
marked are given in the 
table below.
70pm
S Fe Cu As Sb Pb
1 1.1 5.3 23.4 - 70.3 -
2 21.2 5.7 71.8 - 1.3 -
3 0.3 - 10.6 0.4 84.0 4.6
4 2.7 - 78.5 - 18.9 -
Na20 MgO a i2 0 3 Si02 P2 O5 so2 Cl k2o CaO T i0 2 FeO CuO As2o3 Sb20 3 PbO
5 3.7 1.9 10.4 29.7 0.8 0.5 0.2 3.1 8.7 0.7 32.0 0.6 0.1 7.3 0.4
6 3.5 1.8 10.6 30.9 1.0 0.3 0.4 3.2 9.1 0.8 31.1 0.3 - 6.6 0.4
7 4.6 2.2 10.7 40.1 1.6 0.7 0.3 5.0 12.5 - 21.2 - - - -
8 - 1.6 2.8 - - - - - - 0.4 94.0 - 1.1 - -
Table 34. SEM-EDS analytical results for the slag within the crucible OB 494.
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Scorifier OB 269
100^m
Figure 194. Slag on top of 
scorifier OB 269 (OB  
269/sl, XPL, 50x, long axis 
represents ~1 mm).
Figure 195. Detail of the 
same slag under higher 
magnification (OB 269/sl; 
BSE, 800x). SEM-EDS  
analytical results for the 
marked areas are given in 
the table below.
Al20 3 Si02 CaO FeO PbO
1 0.4 1.6 0.5 0.3 97.2
2 0.6 2.2 0.4 0.4 96.4
3 0.2 0.5 - - 99.4
4 2.7 8.3 0.5 0.6 88.0
5 2.6 8.5 0.5 0.4 87.9
6 2.8 8.8 0.5 0.7 87.2
Table 35. SEM -EDS analytical results for the slag within the scorifier OB 269.
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Scorifier 282
Figure 196. Interface between 
the fabric of scorifier OB 282 
and the residues adhering to 
the inner surface (top) (OB  
282/sl, PL, 50x, long axis 
represents ~2 mm).
&
Figure 197. Detail of the lead 
prill (top) sitting on a layer of 
lead silicate slag (OB 282/sl, 
XPL, lOOx, long axis 
represents ~1 mm).
Figure 198. Bottom-left, close- 
up of the lead prill, showing 
bright globules with a high 
silver concentration (OB  
282/sl, PL, 500x, long axis 
represents -200 pm).
Ni Cu Ag Pb
1 - 52.9 35.5 11.7
2 - 48.1 34.1 17.8
3 - 43.4 26.5 30.1
4 0.5 45.1 38.2 16.2
5 - - 6.6 93.4
6 - - 1.6 98.4
Table 36. Chemical 
composition by SEM-EDS of 
some of the bright globules in 
the image (1-4) and the 
metallic matrix (5-6). Note 
that ~5 w t%  oxygen from the 
lead matrix was neglected.
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Scorifier 284
Figure 199. Interface 
between the ceramic body 
and the slag in scorifier 
OB 284. (OB 284/s 1, BSE, 
50x). SEM-EDS analytical 
results for the spots and 
areas marked are given in 
the table below.
600pm
O Cl Cu As Sb Pb
1 1.6 - 1.1 1.0 75.9 20.4
2 2.1 - 1.8 - 68.0 28.2
3 13.7 - - - 86.3 -
4 4.7 0.8 - 1.0 86.1 7.5
5 13.9 - - - 86.1 -
MgO Al20 3 Si02 P20 5 S02 K20  CaO FeO Sb20 3 PbO
~ 6 * 17.1 42.4 8.8 - 15.2 12.9 1~4 2^2 -
7 2.6 1.6 - - 1.6 0.5 - 90.7 3.0
8 - 2.3 6 .4  - - - 2 .8 5.1 64.1 19.3
Table 37. SEM-EDS analytical results for the slag within the scorifier OB 284 (1).
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Figure 200. Detail of the 
slag within scorifier OB 
284 (OB 284/s 1, BSE, 
800x). SEM-EDS
analytical results for the 
spots marked are given in 
the table below.
70pm
0 Cl As Sb Pb
1 4.7 4.9 - 15.9 74.5
2 12.6 - - 84.6 2.8
3 - - 0.8 95.2 4.1
4 - - 0.3 96.2 3.5
MgO Al20 3 Si02 P2O5 CaO T i0 2 FeO As20 3 Sb20 3 PbO
5 8.0 8.0 41.0 2.1 23.4 2.1 14.4 - 1.3
6 7.2 7.5 37.9 0 .2 21.9 2.0 12.8 9.7 0.8
7 - 1.9 5.3 - 3.7 - 5.5 74.5 9.2
8 0.8 2.3 - - - 0.8 93.3 2.8 -
9 2.5 3.0 - - - 2 .0 91.8 0.8 -
Table 38. SEM-EDS analytical results for the slag within the scorifier OB 284 (II) .
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2. Old Ashmolean laboratory, Oxford 
Crucible 0X1413
Figure 201. Detail of the 
chemical attack into the 
fabric of the crucible from 
the inner surface (top) (O X  
1413/sl, BSE, 50x). The 
area marked appears 
magnified in the next 
figure.
1mm
40pm
Figure 202. Detail of the 
slag within the fabric of 
the crucible (O X  1413/sl, 
BSE, 1500x). SEM-EDS  
analytical details are given 
in the table below.
S Mn Fe Zn
1 35.8 57.1 5.9 1.3
2 33.2 60.8 5.5 0.5
3 34.5 58.7 5.6 1.2
Al20 3 S i02 S02 K20  CaO TiO z MnO FeO ZnO
4 2l7o 49J 2^2 TTo 04  TTo 209 TTi o T
Table 39. SEM -EDS analytical results for the slag within the crucible O X  1413. Rows 1-3 
present the composition for three of the bright globules in the previous image. Row 4 presents 
the composition of the glassy matrix.
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3. Cripplegate Buildings, London 
Ceramic sample WFG 118/107
Figure 203. Detail of the 
inner surface of a 
‘stoneware crucible’ from 
Cripplegate (W FG
118/107/s2, XPL, 50x, long 
axis represents ~2 mm). 
The area marked appears 
magnified in the next 
figure.
Figure 204. Detail of the 
sediment adhering to the 
inner surface (W FG  
118/107/s2, BSE, 140x). 
SEM-EDS analytical 
results are given in the 
table below.
400pm
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Na20 MgO Al20 3 S i02 p 20 5 Cl k 2o CaO T i0 2 FeO CuO ZnO
1 - - - - 2.6 - - 1.2 - 1.4 93.6 1.2
2 - - - - 1.3 - - 0.8 - - 96.2 1.8
3 - - - - - 1.0 - - - - 99.0 -
4 - - - - 1.3 - - 0.8 - - 95.1 2.7
5 1.4 1.1 11.9 65.4 1.1 0.3 4.4 9.1 0.7 3.1 - 1.6
6 - - - 99.2 - - - - - - 0.8 -
7 - - - 100.0 - - - - - - - -
Table 40. SEM-EDS analytical results for the metallurgical residues within sample W FG  
118/107.
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4. Jamestown 
Crucible JR 124F/C1
Figure 205. Two views of 
the section through one of 
the corroded prills 
adhering to the inner 
surface of the crucible. (JR  
124F/C1, top XPL, bottom 
PL, lOOx, long axis 
represents ~1 mm). SEM- 
EDS analytical results for 
the spots and areas 
marked are given in the 
table below. Spectrum 5 is 
a large area covering most 
of the prill. Note that the 
copper-rich dendrites have 
been corroded away, 
therefore the results show 
unrealistically high tin 
levels.
Al20 3 Si02 P20 5 Cl FeO CuO ZnO Sn02 PbO
1 - - - - - 99.9 <0.1 -
2 - - - 18.4 - 79.1 - 2.5
3 - 4.5 1.5 - 2.7 10.6 76.2 4.5
4 - 5.5 2.0 - 3.5 10.5 74.5 3.9
5 1.1 4.5 1.6 2.5 3.1 32.3 50.9 4 .0
Table 41. SEM -ED S analytical results for the metallic prill within the crucible JR 124F/C1.
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Metallic prill JR 69E/224
Figure 206. Metallic prill JR 69E/224. Its 
width is -10  mm.
Figure 207. Detail of the 
microstructure of the prill, 
showing large dendrites of 
alpha (golden) and 
interdendritic spaces of 
alpha-delta (grey), as well 
as discrete globules (dark  
spots) (JR 69E/224, UPL, 
500x, long axis represents 
-200 pm).
Figure 208. BSE 
photomicrograph of the 
same prill. SEM-EDS  
analytical results are given 
in the following table (JR 
69E/224, 500x).
100pm
312
Marcos Martin6n-Torres Appendices
S Fe Cu Sn Pb
Dendrite - - 84.8 15.3 -
Dendrite - - 85.4 14.7 -
Dendrite - - 85.4 14.6 -
Inter-dendrite - - 68.0 32.0 -
Inter-dendrite - - 68.4 31.6 -
Dark globule 17.8 - 77.0 5.2 -
Dark globule 18.4 1.4 80.2 - -
Bright globule - - 22.7 3.6 73.7
Bright globule - - 22.2 3.8 74.0
Full area - - 80.1 18.2 1.7
Table 42. SEM -EDS analytical results for the metallic prill JR 69E/224.
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Crucible A631/CC2
Figure 209. Section 
through a small triangular 
crucible, showing the 
quartz-tempered fabric 
with one small bloated 
region (bottom) and slag 
remains adhering to the 
inner surface (top) 
(A631/CC2/sl, BSE, 50x).
1mm
v  4  "  ’jf f
Figure 210. Detail of the 
slag adhering to the inner 
surface of the crucible. 
Note the very glassy 
appearance and the 
clustering of bright 
crystals (A631/CC2/sl, top 
XPL, bottom PL, 200x, 
long axis represents -500  
pm).
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Figure 211. BSE
photomicrograph of the 
interface between the slag 
and the crucible fabric. 
SEM-EDS analytical
results for the spots and 
areas marked are given in 
the following table.
Spectrum 6 is a large area 
of the slag. (A631/CC2/sl, 
300x).
200pm
Na20
Oon% a i20 3 S i02 P20 5 Cl k 2o CaO T i0 2 MnO FeO NiO
1 - 0.9 - - - - - - - 0.4 83.2 15.6
2 5.7 - 1.6 19.9 0.4 0.7 3.1 0.2 0.4 - 68.0 -
3 5.5 - 1.5 23.6 0.6 0.9 3.7 - - 0.5 63.1 0.7
4 - 0.4 - 0.5 - - 0.3 - - 0.6 97.0 1.2
5 9.8 - 1.4 46.9 1.1 1.0 7 .7 0.7 - - 31.5 -
6 8.9 - 1.5 40.7 1.1 0.9 6.3 0.5 - - 40.1 -
Table 43. SEM-EDS analytical results for the slag within the crucible A631/CC2 (I).
Figure 212. Detail of the 
same slag. SEM-EDS  
analytical results for the 
spots and areas marked 
are given in the following 
table (A631/CC2/sl, BSE, 
500x).
100(jm
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Na20 Al20 3 Si02 p2o5 Cl k2o CaO Ti02 MnO FeO
1 0.5 - 0.9 - - 0.2 - 0.7 - 97.8
2 - - 0.4 - - 0.2 - - 0.9 98.5
3 7.5 1.0 27.9 0.7 0.9 4.6 0.7 - 0.4 56.4
4 10.7 1.6 41.8 1.3 1.0 7.4 1.1 0.3 - 34.8
Table 44. SEM -EDS analytical results for the slag within the crucible A631/CC2 ( II) .
316
Marcos Martinon-Torres Appendices
Crucible JR 1024/CC3
Figure 213. Crucible rim 
fragment JR 1024/CC3. 
Note the shiny glaze and 
relatively smooth surface 
resulting from contam­
ination and vitrification 
during use
Figure 214. Section 
through the ceramic fabric 
of the crucible, showing 
the intense penetration of 
glassy slag (top image, 
brown) containing metallic 
prills, and the severe 
shattering of the quartz 
grains (bottom image) (JR  
1024/CC3/sl, top XPL, 
bottom PL, 50x, long axis 
represents ~2 mm).
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Figure 215. Detail of the 
slag penetrating into the 
ceramic fabric, the slag 
being very rich in lime and 
copper oxide. Note the 
abundance of minuscule 
copper prills (bright) (JR 
1024/CC3/sl, BSE, 250x).
200pm 1
Figure 216. Detail of the 
slag on the inner surface of 
the crucible. The marked 
area is shown in the 
following figure under 
higher magnification (JR 
1024/CC3/sl, BSE, 600x).
100pm 1
Figure 217. Detail of the 
slag shown in the previous 
figure. SEM-EDS
analytical results for the 
spots and areas marked 
are given in the following 
table (JR 1024/CC3/sl, 
BSE, 1400x).
40pm
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Na20 MgO Al20 3 Si02 p2o5 K20 CaO Ti02 MnO FeO CuO ZnO As20 3 PbO
1 - 1.3 6.6 27.7 0.6 0.8 10.1 0.5 0.2 2.0 50.3 - -
2 - 0.7 3.9 17.9 0.2 0.7 5.9 • - 1.3 69.0 0.4 -
3 - 1.6 7.9 37.9 0.7 1.2 15.4 0.7 0.3 3.3 31.1 - -
4 - 2.1 9.0 44.6 0.9 0.8 21.6 1.5 0.5 4.7 14.7 - -
5 - 2.2 9.2 43.7 1.0 0.8 21.8 1.0 0.6 4.7 15.1 - -
6 6.0 0.2 21.8 54.0 3.8 3.5 1.8 0.3 - 3.8 2.6 - 0.2 2.1
7 6.6 - 23.9 57.8 2.5 3.5 0.3 - - 1.5 1.6 - 2.3
Table 45. SEM -EDS analytical results for the slag within the crucible JR 1024/CC3.
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5. Burgsteinfurt 
Crucible BFG 01
Figure 218. View of the 
inside of the crucible BGF 
01. Note the lumpy texture 
and the white film of zinc 
oxide.
Figure 219. Section 
through the crucible BGF 
01, showing a substantial 
layer of zinc oxide 
adhering to the inner 
surface (BGF 01/sl, BSE, 
50x).
Figure 220. Two views of a 
corroded metallic prill on 
the inner surface of the 
crucible. The areas 1 and 2 
marked on the right image 
are those magnified in the 
following pictures (BGF  
01/sl, left XPL, right PL, 
50x, long axis represents ~2 
mm).
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Figure 221. Area 1 as 
marked in Figure 220. 
SEM-EDS analytical
details are given in the 
table below (BGF 01/sl, 
BSE, lOOOx).
60pm
Si S Ca Mn Fe Cu Zn Pb
1 - - - - 0.2 54.1 45.8 -
2 - - - - 0.4 53.4 46.2 -
3 - 23.1 - 0.3 0.5 8.6 67.5 -
Si02 S02 CaO MnO FeO CuO ZnO PbO
4 - - 0.3 0.6 1.0 2.5 95.7 -
5 0.9 0.8 0.7 - 1.0 9.0 85.3 2.3
Table 46. SEM-EDS analytical results for the residues within the crucible BGF 01 (I).
Figure 222. Area 2 as 
marked in Figure 220. 
SEM-EDS analytical
details are given in the 
table below (BGF 01/sl, 
BSE, lOOOx).
60pm
0 S Cl Cu Zn As Sn Pb
1 12.3 - 2.9 15.6 - 12.5 - 56.8
2 14.7 0.6 3.7 47.8 13.5 - 19.7 -
3 8.3 - - 91.7 - - - -
4 8.8 - - 91.3 - - - -
5 19.9 - 8.9 67.3 1.23 - - 2.6
Table 47. SEM-EDS analytical results for the residues within the crucible BGF 01 (II) .
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Figure 223. Prill of high- 
zinc brass identified on the 
inner surface of the 
crucible BGF 01. Note the 
gamma brass crystals 
(grey) within a beta brass 
matrix (golden), and small 
lead globules. SEM-EDS  
analytical details are given 
in the table below. Spectra 
4 and 5 correspond to two 
30 x 30 pm areas within 
the metal (BGF 01/sl, 
XPL, 500x, long axis 
represents —200 pm).
Fe Cu Zn Sn Pb
1 - 42.2 57.5 0.6 -
2 - 42.6 56.9 0.6 -
3 0.9 18.5 19.4 - 61.4
4 0.3 51.1 48.0 0.1 0.5
5 0.2 48.4 50.3 0.4 0.8
Table 48. SEM -EDS analytical results for the metallurgical residues within the crucible BGF 01 
(III).
322
Marcos Martinon-Torres Appendices
Crucible BGF 02
Figure 224. Detail of the 
inner surface of a crucible, 
showing a corroded metal 
prill and other submetallic 
residues. SEM-EDS
analytical results for the 
spots and areas marked 
are given in the table 
below (BGF 02/s2, BSE, 
700x).
80pm
Na20 MgO Al20 3 Si02 P20 5 Cl k2o CaO T i02 MnO FeO NiO CuO ZnO Sn02 PbO
1 - - - 0.6 - 0.7 - 3.1 - - - • 1.5 2.4 - 91.7
2 - - - - - 0.8 - 2.1 - - - * 8.1 1.1 - 88.0
3 - - - - - - - - - - 0.3 - 95.7 2.1 1.4 0.7
4 - - - 0.7 - - - - - - 0.3 0.5 91.8 3.5 2.2 1.1
5 - - 5.5 28.4 0.8 - 0.7 0.3 0.7 - 6.1 - 6.8 12.3 - 38.4
6 - 0.8 10.5 22.8 - - - 0.3 0.4 0.7 12.8 - 0.8 51.0 - -
7 - 0.6 26.5 26.7 0.9 * 0.8 5.8 1.1 0.7 5.7 - 1.0 30.3 - -
8 0.5 0.2 35.0 55.6 0.2 - 4.2 - 2.0 - 1.1 - - 1.2 * -
Table 49. SEM -EDS analytical results for the crucible BGF 02.
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Crucible BGF 03
Figure 225. Detail of the 
inner surface of another 
crucible, showing another 
corroded prill. SEM-EDS  
analytical results for the 
spots and areas marked 
are given in the table 
below (BGF 03/sl, BSE, 
500x).
100pm
Si02 P2O5 so2 Cl CaO FeO CuO ZnO As20 3 Sn02 PbO
1 - - - 5.0 - - 16.5 - - 15.5 63.0
2 - - - - - - 100.0 - - - -
3 5.7 1.0 1.8 1.2 1.3 1.6 27.5 54.2 0.5 - 5.0
4 - - 0.5 0.2 - - 98.4 - - 0.9 -
Table 50. SEM -EDS analytical results for the metallic prill within the crucible BGF 03.
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